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ABSTRACT

Longest Job First (LJF), the opposite of Shortest Birst, has been an unpopular process
scheduling algorithm. The idea cdmbinational burst timavas used to avoid the starvation
problem associated with the LJF algorithm and tdemih compete with other scheduling
algorithms with respect to some performance metétteough the combinational burst time
proposal led to improved performance, the workessffrom the limitations that the average
waiting time and the average turnaround time wigétsy higher, and the number of context
switches was a little higher also. The researclorted in this dissertation addressed these
shortcomings by proposing a new scheduling algarithat enhanced the combinational
burst time model by using median as a statisticgarftral tendency and assigning the
processors to the CPU in interleave order. The ggeg algorithm was implemented and
compared with First Come First Serve (FCFS), Lohdeb First (LJF), Longest Job First
with combinational model (LJF+CBT) and Shortest Faist (SJF) scheduling algorithms
using varying number of processes and burst tifResults from the experiments showed
that the enhanced LJF+CBT outperformed the exidtiiferCBT producing 26.69% better
average waiting time (AWT), 21.77% better averagedround time (ATAT) and 14.29%
better number of context switches (CS). In LondestFirst (LJF) scheduling this algorithm
drastically reduced the average waiting time byp%§.average turnaround time by 39.39%
and number of context switching between processe83:33% for all the number of
processes used. Sequel to these results, a l@tiBos to starvation problem in Longest Job

First scheduling algorithm was proffered.

XV



CHAPTER ONE

INTRODUCTION
This chapter discusses the introductory part of thesis which includes the background of the
study, problem statement, the research aim anccibl@s, the methodology that was used in

solving the problems stated and finally the sumnudithe thesis contribution to knowledge.

1.1 Background of the Study
CPU scheduling is the basis of multiprogrammed afjpgy systems. By switching the CPU among

processes, the operating system can make the cemmate productive (Silberschatzal, 2005).

The objective of multiprogramming is to have sommpss running at all times, to maximize CPU
utilization, so whenever the CPU becomes idle therating system must select one of the
processes in the ready queue to be executed, dinetehm scheduler (or CPU scheduler) carries
out the selection process. The scheduler selgutscess from the processes in memory that are

ready to be executed and allocates the CPU tgtbaess (Silberschagt al, 2005).

Nearly all processes alternate bursts of computirtig (disk) I/O requests, as shownhiyg. 1.1
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Figure 1.1: Bursts of CPU usage alternate with pds of waiting for I/O. (a) A CPU-bound
process. (b) An I/0O-bound process (Tanenbaum, 2009)

Typically the CPU runs for a while without stoppjrigen a system call is made to read from a file
or write to a file. When the system call completbg, CPU computes again until it needs more
data or has to write more data. Note that someatitvities count as computing. For example,
when the CPU copies bits to a video RAM to updagedcreen, it is computing, not doing /O,
because the CPU is in use. I/O in this sense isah@ocess enters the blocked state waiting for
an external device to complete its work (Tanenba009).

Some scheduling algorithms goals include the falhgwTanenbaum, 2009), (Silberschatzal,

2009):

1. Fairness: giving each process a fair share of fg,Comparable processes should get
comparable service. Giving one process much moté {©Re than an equivalent one is
not fair. Of course, different categories of pr@sssmay be treated differently.

2.  Throughput: Maximize jobs per hour; one measureadk is the number of processes

that are completed per time unit.



3. Turnaround time: Minimize time between submissiod germination, the interval from
the time of submission of a process to the timeoofpletion.

4. CPU utilization: Keep the CPU busy all the time,nCeptually, CPU utilization can
range from 0 to 100 percent. In a real systemhatukl range from 40 percent (for a
lightly loaded system) to 90 percent (for a heaugd system).

5. Response time: is the time it takes to start rediogn not the time it takes to output the
response. The turnaround time is generally limligdhe speed of the output device.
respond to requests quickly

6. Meeting deadlines: avoid losing data, they are attarized by having deadlines that

must or at least should be met.

A non-preemptive scheduling algorithm picks a pssct run and then just lets it run until it
blocks (either on I/O or waiting for another pragesr until it voluntarily releases the CPU. In
contrast, a preemptive scheduling algorithm picksogess and lets it run for a maximum of some
fixed time. If it is still running at the end ofdhtime interval, it is suspended and the scheduler
picks another process to run (if one is availalid®)ing preemptive scheduling requires having a
clock interrupt occur at the end of the time ingte give control of the CPU back to the scheduler
(Tanenbaum, 2009).

Unfortunately, preemptive scheduling incurs a essbciated with access to shared data. Consider
the case of two processes that share data. Whalesompdating the data, it is preempted so that
the second process can run. The second procesdribgrto read the data, which are in an
inconsistent state. In such situations, there &lrier a new mechanisms to coordinate access to

shared data (Silberschatzal, 2009).



Longest Job First scheduling algorithm is a (nosepmptive) scheduling algorithm that will be
introduced as an opposite of the Shortest Job (SHf); (non-preemptive) scheduling algorithm;
it differs from the SJF by considering longer buiste jobs before the shorter ones (Abdullahi
and Junaidu, 2013).

The major problem with Longest Job First is thev&on of processes with shorter CPU burst
time. This research work introduces a new scheduéigorithm called Enhanced Process
Scheduling in Longest Job First Algorithmith Combinational Burst Time (ELJF+CBT), which
will further minimize Average Waiting Time (AWT), Verage Turn-Around Time (ATAT) and

reduce the number of Context Switch (CS) of LJF.

1.2 Problem Statement

Scheduling as a key to multiprogramming affects pegformance of a system because it
determines which processes will wait and which ba@lprocessed. Several scheduling algorithms
have been developed for efficient multiprogrammivith each having its own pros and cons.
Longest Job First being one of the scheduling &lgois has some shortcomings like starvation of
shorter process, high average waiting time anda@eeturnaround time. Appreciably, there was
an effort made by Abdullahi and Junaidu (Abdullahd Junaidu, 2013) to find a solution to the
shortcomings of Longest Job First to some exteotvéver, the average waiting time (AWT),
average turnaround time (ATAT), context switch (G8¢g still slightly high. Although the
combinational model did minimize the average waitime, average turnaround time and number
of context switches in LJF, the questions are Bgvis can the:

1. Average waiting time be minimized further?



2. Average turnaround time be minimized further?

3. Number of context switches be reduced?

1.3 Aim and Objectives
The aim of this research is to develop an algorithat will improve the performance of
Longest Job First scheduling algorithm of Abdullahd Junaidu (Abdullahi and Junaidu, 2013).
The objectives of this thesis work are to:
1. Enhance the LIF+CBT algorithm of Abdullahi and i (2013) with a view to
overcoming its shortcomings of high AWT, ATAT anointext switch,
2. Implement the enhanced LIF+CBT algorithm and
3. Evaluate performance of the enhanced algorithm-lsydside the existing LJF
algorithm with respect to average waiting time, rage turnaround time and

number of context switches.

1.4 Research Methodology

1. Generate processes and their CPU burst times aslaga random number generator,

2. Determine a threshold, H, that distinguishes séwdtlong processes. The threshold will be
calculated using the median of burst times ofpifeeesses in the ready queue,

3. Processes will be categorized as shorter or Igo@srbased on the threshold vakige

4. Shorter jobs will be merged to form a new longdr gtynamically while comparing burst
time of new formed process with threshold vatue

5. A special flagF will be used to mark shorter or longer jobs toniifg them for CPU

scheduler,



6. CPU will be allocated to jobs in alternation oraérurst times: long job, short job, long
job, short job, etc

7. Gantt charts and graphical illustrations will beedigo analyze and measure evaluation
criteria of the algorithms, and

8. The new algorithm (ELJF+CBT) will be compared wRGFS, LJF, SJF and LJF+CBT.

1.5 Contribution to Knowledge

This thesis contributed the following:

1. Developed an algorithm that drastically reducedaye waiting time by 46.5%, average
turnaround time by 39.39% and number of contextiching between processes by
33.33% in Longest Job First (LJF) and reduced aeeveaiting time by 26.69%, average
turnaround time by 21.77% and number of contextiching between processes by
14.29% in Longest Job First with Combinational Bdisne (LJF+CBT).

2. Introduction of a specialized arr&y which served as a flag that was set and resét eac

time the CPU scheduler allocated the CPU to a pmyaghich enabled scheduling to be

done in interleave order.

1.6 Organization of the dissertation

Chapter one provides a general introduction ofdissertation, the problem statement, the aim and

objectives, research methodology and the contobut knowledge.

Chapter two presents review of some related lieeadind studies conducted in the area of process

scheduling.



Chapter three provides a detailed methodology Vi@ to design the proposed enhanced process

scheduling in Longest Job First Algorithm with CBT.
Chapter four presents the implementation and aisabfsthe result of the proposed algorithm

Chapter five provides the conclusion, summary andré area of research of the work.



CHAPTER TWO

LITERATURE REVIEW
2.1 INTRODUCTION

This chapter reviews the foundation literaturetfa thesis, that is, the operating system, process,

some scheduling algorithms and their limitationg also discusses some works that are related to

this thesis.

2.2 Operating System

An Operating System (OS) is a program that conttmsexecution of application programs and

acts as an interface between applications andaimpuater hardware, (Stallings, 2012). It can be

thought of as having three objectives:
1. Convenience:An OS makes a computer more convenient to use.
2. Efficiency: An OS allows the computer system resources to & insan efficient manner.
3. Ability to evolve: An OS should be constructed in such a way as tmipéhe effective
development, testing, and introduction of new gystenctions without interfering with
service.
2.2.1 The Operating System as a User/Computer Interface
The hardware and software used in providing apipdina to a user can be viewed in a layered or
hierarchical fashion, as depicted in Figure 2.1le Tiser of those applications, the end user,
generally is not concerned with the details of catap hardware. Thus, the end user views a
computer system in terms of a set of applications.
An application can be expressed in a programminguage and is developed by an application

programmer (Stallings, 2012). If one were to depeda application program as a set of machine



instructions that is completely responsible for teolting the computer hardware, one would be
faced with an overwhelmingly complex undertaking.

To ease this chore, a set of system programs i8daw. Some of these programs are referred to
as utilities, or library programs. These implemieatjuently used functions that assist in program

creation, the management of files, and the cowffrol

. Application programs f
Application PP prog [
programming interface . -
Application Libraries/utilities Software
binary interface |
Operating system “
Instruction set
architecture
Execution hardware
|'i
vt { Memory
JRSREIICIEORNES translation e
(bus) Hardware
I/O devices Main
Stu} memory \l
networking ! J

Figure 2.1: Computer Hardware and Software Struet(8tallings, 2012)

I/O devices. A programmer will make use of theszlifees in developing an application, and the
application, while it is running, will invoke thdilities to perform certain functions. The most
important collection of system programs comprisesdperating system (OS). The OS masks the
details of the hardware from the programmer andiges the programmer with a convenient
interface for using the system. It acts as mediat@king it easier for the programmer and for
application programs to access and use thosetieeifind services.

Briefly, the OS according to (Stallings, 2012) tdly provides services in the following areas:



1. Program development

2. Program executionA number of steps need to be performed to execuprogram.
Instructions and data must be loaded into main nmgmdO devices and files must be
initialized, and other resources must be preparbd. OS handles these scheduling duties
for the user.

3. Access to I/O devices

4. Controlled access to files

5. System access

6. Error detection and response

7. Accounting

8. Instruction set architecture (ISA)

9. Application binary interface (ABI)

10. Application programming interface (API)

2.2.2 The Operating System as Resource Manager

A computer is a set of resources for the movenstmtage, and processing of data and for the control
of these functions. The OS is responsible for manggiiese resources.

Can we say that it is the OS that controls the mmarg, storage, and processing of data? From one
point of view, the answer is yes: By managing tbmputer’s resources, the OS is in control of
the computer’s basic functions. But this contraxercised in a curious way. Normally, we think

of a control mechanism as something external tovihich is controlled, or at least as something
that is a distinct and separate part of that wisatontrolled. (For example, a residential heating

system is controlled by a thermostat, which is smpafrom the heat-generation and heat-
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distribution apparatus.) This is not the case WithOS, which as a control mechanism is unusual

in two respects (Stallings, 2012):

1. The OS functions in the same way as ordinary coermdftware; that is, it is a program
or suite of programs executed by the processor.
2. The OS frequently relinquishes control and muskededpon the processor to allow it to
regain control.
Like other computer programs, the OS provides uiesitons for the processor.
The key difference is in the intent of the progrde OS directs the processor in the use of the
other system resources and in the timing of itxeen of other programs. But in order for the
processor to do any of these things, it must ceaseuting the OS program and execute other
programs. Thus, the OS relinquishes control forpitoeessor to do some “useful” work and then

resumes control long enough to prepare the procéssio the next piece of work.

2.3 Process
Central to the design of operating systems is treept ofprocess.This term was first used by
the designers of Multics in the 1960s (Daley andiridg 1968). It is a somewhat more general
term thanob. Many definitions have been given for the tggrcessincluding

1. A program in execution

2. Aninstance of a program running on a computer

3. The entity that can be assigned to and executedpracessor

4. A unit of activity characterized by a single sedisdrthread of execution, a current state,

and an associated set of system resources
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Three major lines of computer system developmerdgated problems in timing and
synchronization that contributed to the developmelfit the concept of the process:
multiprogramming batch operation, time sharing, ezal-time transaction systems. As we have
seen, multiprogramming was designed to keep theegsmr and I/O devices, including storage
devices, simultaneously busy to achieve maximuritieffcy. The key mechanism is this: In
response to signals indicating the completion@fttansactions, the processor is switched among
the various programs residing in main memory (Bigdl, 2012).

A second line of development was general-purpese sharing. Here, the key design objective is
to be responsive to the needs of the individuat asd yet, for cost reasons, be able to support
many users simultaneously. These goals are conpdtdrause of the relatively slow reaction
time of the user. For example, if a typical usezdsean average of 2 seconds of processing time
per minute, then close to 30 such users shouldleg@share the same system without noticeable
interference. Of course, OS overhead must be fagtoto such calculations.

A third important line of development has been-teaak transaction processing systems. In this
case, a number of users are entering queries ategpdgainst a database. An example is an airline
reservation system. The key difference between tthesaction processing system and the
timesharing system is that the former is limitedbte or a few applications, whereas users of a
timesharing system can engage in program developnodnexecution, and the use of various
applications, (Stallings, 2012). In both casestesysesponse time is paramount.

The principal tool available to system programnieideveloping the early multiprogramming and
multiuser interactive systems was the interrupe attivity of any job could be suspended by the
occurrence of a defined event, such as an I/0 aastiopl The processor would save some sort of

context (e.g., program counter and other registamsl) branch to an interrupt-handling routine,
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which would determine the nature of the interryptcess the interrupt, and then resume user
processing with the interrupted job or some otbbr(Stallings, 2012).

Figure 2.2 shows the process state diagram.

Dispatch

Release

Time-out

Figure 2.2: Five-state Process model (Stallingsl 20

As a process; executes, it changes state. The cftatgrocess is defined in part by the current
activity of that process. Each process may be enairthe following states (Silberschatzal,

2009):

New: The process is being created.

Running: Instructions are being executed.

Waiting: The process is waiting for some eventdoun (such as an I/O completion or reception of
a signal).

Ready: The process is waiting to be assigned to@epsor.

Terminated: The process has finished execution.

These names are arbitrary, and they vary acrosatopgsystems. The states that they represent are

found on all systems, however. Certain operatirsgesys also more finely delineate process states.
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It is important to realize that only one process lsa running on any processor at any instant. Many

processes may be ready and waiting, however.

2.4 Scheduling

The method by which the process scheduler selects/ailable process (possibly from a set of
several available processes) for program executionthe CPU is known as scheduling.

Scheduling is gone to meet the objective of mugpamming, which is to have some process
running at all times to maximize CPU utilizationdatne objective of time sharing which is to

switch the CPU among processes so frequently gesican interact with each program while it

is running (Silberschatzt al, 2009).

The key to multiprogramming is scheduling. In fdotr types of scheduling are typically involved

(Table 2.1). One of these, I/0 scheduling, will hetdiscussed in this thesis. (Stallings, 2012)

Table 2.1: Types of Scheduling (Stallings, 2012)

Long-term scheduling The decision to add to the pool of processes txbeuted

Medium-term scheduling | The decision to add to the number of processesatkagtartially
or fully in main memory

Short-term scheduling The decision as to which available process wilekecuted by
the processor
I/O scheduling The decision as to which process’s pending I/O estighall be

handled by an available 1/0 device
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2.4.1 Long-Term Scheduling

The long-term scheduler, or admission scheduleciddse which jobs or processes are to be
admitted to the ready queue (in main memory); thatvhen an attempt is made to execute a
program, its admission to the set of currently exiag processes is either authorized or delayed
by the long-term scheduler. Thus, this scheduletaths what processes are to run on a system,
and the degree of concurrency to be supportedyaba@ time — whether many or few processes
are to be executed concurrently, and how the $glitveen I/O-intensive and CPU-intensive
processes is to be handled. The long-term schegutesponsible for controlling the degree of

multiprogramming (Wikipedia, 2016).

2.4.2 Medium-Term Scheduling

Medium-term scheduling is part of the swapping fiorcand determines when a program is
brought partially or fully into main memory so thiamay be executed (Stallings, 2012). The key
idea behind a medium-term scheduler is that sonestih can be advantageous to remove
processes from memory (and from active contentiwrife CPU) and thus reduce the degree of
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multiprogramrning. Later, the process can be rethiced into memory, and its execution can be
continued where it left off. This scheme is calfdapping. The process is swapped out, and is
later swapped in, by the medium-term scheduler.ppwg may be necessary to improve the
process mix or because a change in memory requitsrhas overcommitted available memory,

requiring memory to be freed up (Silberschettal, 2009).

2.4.3 Short-Term Scheduling

The short-term scheduler, or CPU scheduler, sefemts among the processes that are ready to
execute and allocates the CPU to one of them (Sithatzet al, 2009).

In terms of frequency of execution, the short-tesameduler, also known as the dispatcher,
executes most frequently and makes the fine-grasl@etsion of which process to execute next.
The long-term scheduler executes relatively infesdly and makes the coarse-grained decision
of whether or not to take on a new process andiwhine to take. The medium-term scheduler is
executed somewhat more frequently to make a swgm®nision.

The short-term scheduler is invoked whenever antexecurs that may lead to the blocking of the
current process or that may provide an opportunifyreempt a currently running process in favor
of another. As can be seen in Figure 2.4. Examgdlesch events include:

1. Clock interrupts

no

I/O interrupts

w

Operating system calls

B

Signals (e.g., semaphores) (Stallings, 2012).
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2.4.4 Dispatcher

function involves the following:

1. Switching context;

2. Switching to user mode;

Another component involved in the CPU-schedulingction is the dispatcher. The dispatcher is

the module that gives control of the CPU to thecpss selected by the short-term scheduler. This

3. Jumping to the proper location in the user programestart that program.

dispatch latency (Silberscharzal, 2009).
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time it takes for the dispatcher to stop one preaewd start another running is known as the



2.5 Context Switch

Process switch occur when a running process isrufteed and the OS assigns another process to
the Running state and turns control over to thatgss (Stallings, 2012).

When an interrupt occurs, the system needs totb@veurrent context of the process running on
the CPU so that it can restore that context whepribcessing is done, essentially suspending the
process and then resuming it. When a context switchirs, the kernel saves the context of the
old process in its PCB and loads the saved coofekie new process scheduled to run. The
context is represented in the Process Control BIB€KB) of the process; it includes the value of
the CPU registers, the process state, and memonggeanent information.

Context-switch time is pure overhead, because bt does no useful work while switching.
Its speed varies from machine to machine, deperuadirige memory speed, the number of registers
that must be copied, and the existence of spewéiuctions (such as a single instruction to load
or store all registers).

Context-switch times are highly dependent on hardwsupport. Also, the more complex the

operating system, the more work must be done dariogntext switch. (Silberschatz al, 2009).

2.6 Scheduling Algorithms

2.6.1 Shortest Jobs First

(Tanenbaum, 2009), explained that this scheduliggrghm as anon-preemptive batch algorithm
that assumes the run times are known in advancenWveral equally important jobs are sitting
in the input queue waiting to be started, the solezgicks the shortest job first.

Shortest job first is provably optimah that it gives the minimum average waiting tiroe & given

set of processes. Moving a short process befovegdne decreases the waiting time of the short
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process more than it increases the waiting timéeflong process. Consequently, the average
waiting time decreases. It is worth pointing owttBhortest Job First is only optimal when all the
jobs are available simultaneously.

(Silberschatzt al, 2009), this algorithm associates with each protes length of the process’s
next CPU burst. When the CPU is available, it @grged to the process that has the smallest next
CPU burst. If the next CPU bursts of two processeshe same, FCFS scheduling is used to break
the tie.

They noted that a more appropriate term for tbi®duling algorithm would be the shortest-next-
CPU-burst algorithm because scheduling dependseolength of the next CPU burst of a process,
rather than its total length.

Limitation : knowing the length of the next CPU burst andadimust have the same arrival time.

2,6.2 Longest Job First
(Dipti and Mittal, 2013), In Longest Job First sdhéng, the job with large execution time is
executed first in comparison to job with shortestaition time. It means a job whose execution

time is small will have to wait because of a jobiethhas large execution time than that job.

Longest Processing Time (LPT), (Dorit, 1999), Tlwmgest Processing Time rule orders the jobs
in the order of decreasing processing times. Whena machine is freed, the largest job ready
at the time will begin processing. This algoritlisna heuristic used for finding the minimum
makespan of a schedule. It schedules the longlesftirst so that no one large job will "stick out"
at the end of the schedule and dramatically lemgthe completion time of the last job.
Decreasing-Time Algorithm, (Bowen, 2015), the Dasiag-Time Algorithm (DTA) is based on a

seemingly simple strategy: Do the longer jobs frsd save the shorter jobs for last.
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Simply put, the DTA creates a Priority List by imgj the tasks in decreasing order of processing
times (longest task first, shortest task last)skBawith equal processing times can be listed yn an
order.

A Priority List created by the DTA is often calladdecreasing-time list.

Limitation : starvation of processes with shorter CPU bursetihigh average waiting time and

average turnaround time.

2.6.3 First-Come First-Served

By far the simplest CPU-scheduling algorithm is tinst-come first-served (FCFS) scheduling
algorithm. With this scheme, the process that rstgutie CPU first is allocated the CPU first. The
implementation of the FCFS policy is easily managét a FIFO queue. When a process enters
the ready queue, its PCB is linked onto the tathefqueue. When the CPU is free, it is allocated
to the process at the head of the queue. The rgrpriocess is then removed from the queue
(Silberschatzt al, 2009).

First-come first-served scheduling algorithm isye@msunderstand and equally easy to program. It
is also fair in the same sense that allocating @P&Jprocess that arrived first to the queue s fai
With this algorithm, a single linked list keepsckaof all ready processes. Picking a process to run
just requires removing one from the front of thewe. Adding a new job or unblocked process
just requires attaching it to the end of the quétikest-come first-served is simple to understand

and implement (Tanenbaum, 2009)
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Limitations :

There is a convoy effect as all the other processstsfor the one big process to get off the CPU,
poor utilization of the CPU, and turnaround timeitimg time and response time can be high,

since long processes can hold the CPU.

2.6.4 Round Robin

Round Robin is one of the oldest, simplest, fajr@sti most widely used algorithms. Each process
is assigned a time interval, called its quantunminduwhich it is allowed to run. If the process is
still running at the end of the quantum, the CPpreempted and given to another process. If the
process has blocked or finished before the quahtasrelapsed, the CPU switching is done when
the process blocks. Round Robin is easy to impléfleamenbaum, 2009).

The ready queue is treated as a circular queueCPte scheduler goes around the ready queue,
allocating the CPU to each process for a time vatleof up to 1 time quantum. To implement
Round Robin scheduling, the ready queue is kept B$-O queue of processes. New processes
are added to the tail of the ready queue. The GfPduller picks the first process from the ready
gueue, sets a timer to interrupt after 1 time quantand dispatches the process. (Silbersattatz
al., 2009).

Limitations:

Setting the quantum too short causes too many psa@eitches resulting to extensive overhead
and lowers the CPU efficiency, but setting it tond may cause poor response to short interactive

requests and high average waiting time.
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2.7 Related Works

Empirical Framework to Mitigate Problems in Londeb First Scheduling Algorithm LIF+CBT:
(Abdullahi and Junaidu, 2013) in their work propseframework which was developed on a
model called Combinational Burst Time (CBT), seguFre 2.5.

The model reduced the Average Waiting Time (AWTyefage Turn-Around Time (ATAT) and

number of Context Switches of LJF.

In the model,

N is a set of process X in a pool, i.e N=Xj, ..., Xn

d is the burst associated with each process

A is the time a process is assigned to the CPU

Yidi = Xidi +Xjd; are shorter jobs that will be merged if they $atike merging condition.

n is the threshold measure.

In the model below, a pool N contains jobs. Thesjale sorted in descending order of the process
burst time, this is in stage 1. The threshold the Combined Weighted Average (Cwa) of burst
time of the processes. Any process that has buorstless or equal to is categorized as a short
job which are combined to form a longer job, tisislone in stage 2. The new merged job and the
longer job will be sorted again in descending oidehe ready queue this is done in stage 3. The

jobs are allocated to the CPU in stage 4.
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They conducted experiment with the CBT model artiauit the CBT model, they used evaluation
metrics of Average Waiting Time (AWT), Average Tuhnound Time (ATAT) and number of

Context Switch.

They carried out simulation using empirical datalgsis. It was found that LJF+CBT performed
better than FCFS and LJF scheduling algorithmsgusualuation metrics of AWT, ATAT and

CS.

Limitation : Average Waiting Time and Average Turn-around Tane moderately high.

N= Job Pool Ao

Sort in LIF order Aq

Get Job Category, Test
Conditions (c,.) to
merge at A,

Re-order jobs as LJF A M CPUCat,
with new job ids il

Figure 2.5: Model Architecture (Abdullahi and Judaj 2013)

(Shyam and Nandal, 2014), in their paper proposeelaalgorithm that uses Round Robin with
Shortest Job First scheduling. The Time Quantum(@gy studied to improve the efficiency of

RR and to reduce the number of context switchingrage wait time and average turnaround time.
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This approach was proposed to calculate the Timen@u, known as square root of mean and

Highest Burst multiplied value§,Q = Vmean * Highest Burst Time. The processes sorted in

ascending order of their shortest remaining bumsé¢ tand then Time Quantum are given to the
process. Then the proposed algorithm performs iz Round Robin (RR), Improved Round

Robin (IRR), FCFS and some other scheduling algoritn terms of reducing the number of

context switches, average turnaround time and geeseiting time.

This approach is similar to the approach that wepted in this thesis work in the sense that it
used Longest Job First with the non-preemptive 8sbdob First in allocating the CPU to the

processes in the ready queue.

(Beheraet al, 2010) in their proposed approach, arranged thegsses present in the ready queue
in ascending order of their burst times. The timargum was calculated. For finding an optimal

time quantum, they used the median method.

Y(n+1)/2, lf nis odd

median X = 2.1

1/2 [Yn/z + y1+§] , if nis even

Where, X = median

y = number located in the middle of a group of nemskarranged in ascending order

n = number of processes.

The time quantum was assigned to the processesafter each cycle the time quantum of the

remaining burst times was recalculated and assigméte processes. In the next step the sorted
processes were rearranged such that the procesis mdeds minimum CPU burst time was placed

as the first process and then the process witheBigBPU burst time from the queue, was placed
as the second process and so on in that order.
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Their proposed algorithm performed better than RReduling algorithm with respect to average
waiting time, turnaround time and context switching

The median method approach is similar to the amgbrdaat was adopted in this thesis work in the
sense that it calculates the threshold using mede&thod and used it to separate shorter jobs form

longer jobs which are arranged in longest job arder

Mohan in (Mohan, 2009) used the job mix order fon4preemptive scheduling First Come First
Serve (FCFS) and Shortest Job First (SJF). Accgrdifob mix order, from a list of N processes,
the process which needs minimum CPU time is exdditgt and then the highest from the list
and so on till the nth process.

This approach is similar to the approach that wigpted in this thesis work in the sense that it
used the job mix order of non-preemptive LongebtRicst and Shortest Job First in allocating the

CPU to the processes in the ready queue.

In Beheraet al, 2012, the processes are arranged in ready gaeseending order according to
their scheduling time. To get optimised result fione quantum, median of the burst time of
processes on the ready queue is calculated. Themisccalculated as follows:

1/2(Yn41) + Yve1y2 ifNiseven

median = { 2.2

Y(N+1)/2 if N is odd

The scheduling time is calculated as follows:
Scheduling time= (burst time* burst task componen)riority * priority task component);

The determinant factor is calculated as follows:
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Determinant factor = (max of scheduling time ofgasses + min of scheduling time of
processes)/2; 2.3

Time quantum is calculated as follows:

Time quantum = (median + determinant factor)/2;

Time quantum is assigned to each process. Mediacadculated with remaining scheduling time
after each execution of each cycle. In the next,shee process which needs minimum CPU burst
time was placed as the first process and then ibeeps with highest CPU burst time from the
gueue, was placed as the second process and sdhat order.

The median method approach is similar to the ambrtizat was adopted in this thesis work in the
sense that this work calculates the threshold usiedian method and used it to separate shorter

jobs form longer jobs which are arranged in longastorder.

Rami in (Rami, 2009) proposed a new algorithm based new approach called dynamic-time-
guantum; the idea was to make the time quantumategly adjusted according to the burst time
of the now-running processes. This was done byyaimg the process to identify its burst time,
this analysis was carried out only once when tloegss executed for the first time, without the
need to be replicated, except in rare cases sutiegzrogram had been changed, modified, or
updated since the last analysis.

The analysis determined the burst time of the mea®md accordingly the operating system adapts
itself by readjusting the value of the time-sligetime quantum Q to commensurate with the set
of the programs in the ready queue. When an operalystem is installed for the first time, it
begins with a default time quantum value, whickubject to change after a period of time through

which the operating system can identify the bumsetfor a subset of the programs used by the
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user. So, he assumed that the system will not inatedg take advantage of this method because
it needs a short period of time to learn user biehethrough the analysis of the burst time of the

new processes. The determined time quantum repsessal and optimal value because it based
on real burst time.

Repeatedly, when a new process loaded to be exkthéeperating system tests the status of the
specified program which can be either 1 or 0. Wtienstatus equals to O this means that the
process is either being executed for the first tmé has been modified or updated since the last
analysis. In this case the operating system assigmainter to find the burst time of the process
and continues executing the processes in the aglye on the current round including the new

arrived process using the current time quantumteraise and when status is equal to 1, then
the operating system recalculates the time quaQuiepending on the remaining burst time of

all ready processes including the newly arriveccpss. He used median to get the optimal time
quantum for the set of processes in the ready quiethe median was less than 25 then its value
must be modified to 25 to avoid the overhead ottir@ext switch. Formula 1 represents the value
of time quantum Q consequences for the meglian

Y(N+1)/2 if N is odd

Q=%= 2.4

l(Y(NH) )+ (Yaen, ) if N is even
2 /5 /5

where, Y is the number located in the middle of@ug of numbers arranged in ascending order.
Because the value of Q should not be less thah&Bewrite formula (1) in more specific form to

fit with the allowed range:

Q:{f,iffZZS} .

25,if ¥ <25
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The approach is similar to the approach that wapted in this thesis work in the sense that this
work calculates the threshold using median metmatused a flag O and 1 to indicate the status

of the processes in the ready queue.

The aim of processor scheduling is to assign psese$o be executed by the processor or
processors over time, in a way that meets systgetides, such as waiting time, turnaround time,
response time, throughput, and processor efficieRopdamentally, scheduling is a matter of
managing queues to minimize queueing delay andpton@e performance in a queueing
environment (Stallings, 2012). An efficient schedgl algorithm will result in high CPU
utilization, throughput and response time whiletamsng a low average waiting time, average
turnaround time and number of context switchessThsearch focused on reducing average
waiting time, average turnaround time and contextckes in Longest Job First scheduling
algorithm. Mohan, (Mohan, 2009) proposed ‘Mixed &hhling (A New Scheduling Policy)’ and
Beheraet al, (Behereet al, 2012) proposed ‘Advanced Mix Job With Dynamic Quwan Round
Robin (AMDRR)’, said that there is no universal $8escheduling algorithm, and many operating
systems are using extended or combinations ofdheduling algorithms. Mohan and Behera’s
works offered part of the solution to high averageting time and average turnaround time. Rami,
in (Rami, 2009) proposed ‘Self-Adjustment-Round-Ra$ARR)’ as part of the solution to high
number of context switches. This research prop@sednhanced Combinational Burst Time
which enhanced the Abdullahi and Junaidu’s (Abdhiléand Junaidu, 2013) Combinational Burst
Time model with the aim of reducing the averagetiwgitime, average turnaround time and

number of context switches in Longest Job Firsedaling algorithm.
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The task was to make the number of shorter jobg@dedynamic instead of a static number and
to devise a different way of assigning CPU to tbbsjin the waiting queue. The research
considered some factors which included arrival fimest time, job identity and a special flag
The special flag was used to signify the type of heen executed by the CPU whether it was a
short or long job, which helped the CPU schedwdedéntify the job being executed and to know
the next job to allocate to the CPU. This sped#a fs a new technique and stand this contribution
to knowledge out, these will help to reduce theage waiting time, turnaround time and minimize

the number of context switching.

Median was used to calculate the threshold valoause the median is a robust statistic of central
tendency, that is, it is a robust estimator capabtmping with outliers (Wikipeadia, 2016), while
the mean is not since outliers can skew the meagld@l, 2015). The burst time used in this
research was randomly generated therefore thetwarel to be outliers in the data set, so median

is the most appropriate statistic for this data set
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CHAPTER THREE

DESIGN OF THE ENHANCED LONGEST JOB FIRST ALGORITHM WITH

COMBINATIONAL BURST TIME

3.1 Introduction
This chapter presents the proposed Enhanced LodgbsFirst CPU scheduling algorithm with

CBT, an illustration on how it works, its Architeiceé and Pseudo code.

3.2 The Proposed Algorithm

The proposed ELJF+CBT CPU scheduling algorithnhésgnhancement of the Longest Job First
with Combinational Burst Time (LJF+CBT) CPU schedglalgorithm proposed by (Abdullahi
and Junaidu, 2013) which was aimed at reducingatleeage waiting time, average turuaround
time and also minimize the number of context svagch

This proposed (ELJF+CBT) algorithm introduced acsgldlag F used to indicate job order, LIF
(if flag is 0) and SJF (if flag i4) to identify them the CPU scheduler to select. Witee flagF
was set td signified that the job being executed by the CPa$\& long job, which helped the
CPU scheduler to identify that the job being exedwras a long job and to know that the next job
to allocate to the CPU would be a short job. Ingaame way, when the fl&gwas set td. signified
that the job being executed by the CPU was a ghlgrivhich helped the CPU scheduler to identify
that the job being executed was a short job arldhtov that the next job to allocate to the CPU
would be a long job.

The algorithm first of all sorts a pool dF processes X in descending order of their burstdiéne

into another pooD.
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N = {Xidi, Xi+10i+1, ..., Xn0n}, Where i starts from 0 and n can be any number.
At the second phase, the threshold vaiyehat is, the median of the sorted burst timeghef
processes in the po® was calculated and used as a test condition ®rptiocesses to be

categorized as long job or short job, see Equaitn

Sn+1, if nis odd
2

medianValue H =
1/2 [Sn/z + 51%], if n is even

3.1

At the third phase, processes were categorizedasjeb or long job based on the result from the
comparison of the threshold valdeand the burst time$; <H. All Processes with burst time less
than or equal tél were categorized as short jobs and were movedeimporary pootemp while
processes with burst time greater tivamwere categorized as long jobs and remained in dloé p
Q.

temp ={ Xndh, Xn+16h+1, ..., Xk« }, short jobs were defined in term of H

At the fourth phase, two adjacent jobs burst tinvese added together to form a new job in the
temporary pootemp (Yidi = Xndh + Xn+10n+1) and the new formed burst time was compared with
the threshold valugl (i< H). If the burst time was less than the thresholde/Bl, there would

be another merging between the new process barstand the next job burst time in tteenp
(Yidi = Yidi + Xn+20nh+2), and there would be another comparison betweemehv process burst
time and the threshold valud#, until the new formed burst time was greater tbarqual the
threshold valued or thetemp was empty then it would be inserted into the g@@nd another

new merging process would start
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On the other hand if after the first comparisonrb® process burst time is equal or greater than
the threshold valuél (6i > H), the new process formed would be inserted inbopbol Q and
another new merging process would start

There may be a situation where one process is nemgain thetemp after merging the other
processes burst times, in that case, that procesklstill be inserted to the poQl

The comparison of the new formed process burst wittethe threshold valul was carried out
here to make the number of processes merged tgraardc. Therefore it served as a constraint to
the number of merging to be done, so that mergimyacesses burst times would not be without
limit or fixing the number of merging to be doneaestatic number.

The Combinational Burst Time (CBT) takes placeh@temp which results to new processes with

a high burst time and new process id. This is tleth phase.

All the processes itemp with their new ids will be moved Q. This is the fifth phase.

Finally in phase six, the CPU was assigned to tbegsses in the poQl in interleave order.

All the processes in the po@, the new combined processes inclusive, are assitpeeCPU in
alternate burst time order, i.e. the process wightighest burst time would be the first followed
by the process with the shortest burst, then faldy the process with the next highest burst time
and process with next shortest burst time, in dnder till all the processes in the pd@lare
assigned. This is achieved with the use of the i&ptag F which is set to 0 when long job was

assigned to CPU and 1 when short job was assign€8tt). (Mohan, 2009), (Beheeaal, 2012).
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3.2.1 The Architecture of the Proposed ELJF+CBT
Figure 3.1 shows the architecture of the proposstthBced Longest Job First + CBT scheduling
algorithm, the red shaded figures are the enhantsmeade to Abdullahi and

Junaidu’s architecture.

N=Job Pool Phase L

Q=Sort N in LIF order
Phase ?

Get job category, Test
merge condition (H) and
move shorter jobs to
temp.

Phase 3

Merge jobs burst time
in temp and test if new
merged job’s burst time
Is greater than H. Phase }
Phase 6

Move merged jobs with Assign CPU t jobs in
new ids to Q Phase 5 interleave order

Figure 3.1: ELJF+CBT Architectur :
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3.2.2 Pseudo Code of the Proposed ELJF+CBT
/I INPUT: AN ARRAY N [(Xo, 80), (X1, 61), ..., (Xn-1, dn-0)]//

/IOUTPUT: AN ARRAY Q[(Xo, 80), (X1, 81), ...(Xm-1, Sm-1)]//

1. Q = SORT(N) in descending order;
2. temp //atemporary array;
3. H=median; //median ofhe sorted burst times of the processes in the Qool

i= Q.length-1; F =0;
4, for n =0 to Q.length-1

{ ifQ[n]l<H

=n;
break};

end for;

5. while j<i {
temp.insert (Q[j]) /[l move jobs with burst time less or eqoaHtinto temp

Q[j] = null

i+t }
6. t=null

for i = 0 to temp.length-1

t=t+ temp(i)di /Imerge t with job butiste in temp(i)
if(t.0i >= H) or (i = temp.length-1) { // and test i greater or
Q.insert(t) /I equalniedian valuéd or end of the temp

t=null

34



I3
7. fori=0to Q.Length-1{
If F=0
{assign longer job to the CPU and restt E}; //reset flagto 1
else

{assign shortest job to t#U and sef to 0}; lIsetflagis O

8. End.

3.3 Design for the algorithm of the proposed ELJF +CBT

1. Generated CPU burst time of processes and assiggméalithem using Java random number
generator,

2. The threshold was calculated using the median odtlitmes of the processes in the ready
queue,

3. Process was categorized as short or long job baséuk threshold valud,

4. Shorter jobs burst times were merged and compairtbdtie threshold valukl to form a
new longer job with new id, and with burst timeajes than threshold,

5. A special flagk was used to indicate job order,

6. Jobs were assigned to the CPU using mix job oré@erdanger job first, shorter job then
followed by the next longer job,

7. Gantt’'s chart was used to analyze and measureaiglicriteria of the algorithms,

8. The new algorithm (ELJF+CBT) was compared with FC&H-, LJF and LIF+CBT.
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3.4

Tools and Programming Languages Used

. Java: as Programming language,
. NetBeans IDE: as the integrated development enwvieont,
. Windows Script: to run the program in batch,

. Hewlett Packard (HP) laptop with Intel core i5 pssor running at 2.50GHz
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CHAPTER FOUR
IMPLEMENTATION AND RESULTS PRESENTATION OF THE ELJF+CBT

ALGORITHM

4.1 Introduction

This chapter presents the implementation analySish® Enhanced Longest Job First with
Combinational Burst Time CPU scheduling algorithihstarts with the assumptions made in the
system design; followed by the description of hbe various scheduling algorithms under study
work with the aid of an illustrative example. Filyalthe system implementation follows; which

was tested using processes that vary between 180hd he results of this implementation were

analyzed.

Assumptions
1. Our experiments were performed in a uni-processoirenment,
2. The processes considered were CPU bound procasyesna

3. All processes arrived at the same time.

4.2  Analytical Example

This frame work creates new process identificafmmnthe combined burst time through joining
the address of the processes as one. Example:casgr&#19 combines with P14 gives a new
identification as *P19,14. Where the **" impliesig# a CBT process and the numbers represents

the original identification number of the processeparated by a comma (,) (Abdullahi and

Junaidu, 2013).
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Table 4.1: 20 processes with their burst timeg()Submitted to the pod

Process name Arrival Time Burst Time
PO 0 35
P1 0 38
P2 0 35
P3 0 22
P4 0 13
P5 0 17
P6 0 38
P7 0 38
P8 0 37
P9 0 14
P10 0 35
P11 0 34
P12 0 40
P13 0 26
P14 0 26
P15 0 36
P16 0 20
P17 0 5
P18 0 14
P19 0 28

By sorting the processes in Table 4.1 by their toumses in Longest Job First order, the following

result were obtained, see Table 4.2.
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Table 4.2: Processes §Xsorted from highest burst time to the lowest

P12=40 P7=38 P6=38 P1=38 P8=37
P15=36 P2=35 P10=35 P0O=35 P11=34
P19=28 P14=26 P13=26 P3=22 P16=20
P5=17 P9=14 P18=14 P4=13 P17=5

To execute the CBT model by (Abdullahi and Junakiif,3), the thresholdl of the processes
burst times in Table 4.2 was calculated using tleelian, see Equation 3.1. This was used to
categorize jobs into long jobs, which are procesg#s burst time greater than the threshdld
and short jobs, which are processes with burst kes&than or equal to the threshbld

Using Equation 3.1,

Sn+1, if nisodd

2

medianValue = 1
Jo [Bws + 50

if nis even
Since n is even,
medianValue = 1/2 [Sn/z + 81%]

medianValue = 1/2 [34 + 28]

medianValue = 31

the threshold valull is 31

Table 4.3: Processes with burst times greater tin@nthreshold H

P12=40 P7=38 P6=38 P1=38 P8=37

P15=36 P2=35 P10=35 P0=35 P11=34
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Table 4.4: Processes with burst times less thaggoial to the threshold H

P19=28 P14=26 P13=26 P3=22 P16=20

P5=17 P9=14 P18=14 P4=13 P17=5

The 10 process in Table 4.4 were merged to forravé processes. P9, P18 and P4 were merged
based on ‘methodology 4’ of chapter 3. After meggihe burst time of the processes categorize
as shorter processes, the new processes and tinglitimes are shown in Table 4.5.

Table 4.5: New formed processes with their burses

*P19,P14=54 *P13,P3=48| *P16,P5=37| *P9,P18,P4=41 P17=5

Collate the new (merged) processes and the unmergedsses, see Table 4.6.

Table 4.6: Collation of processes after evaluatdtCBT model

*P19,P14=54| *P13,P3=48 | *P9,P18,P4=41 P12=40 P7=38
P6=38 P1=38 P8=37 *P16,P5=37 | P15=36
P2=35 P10=35 P0=35 P11=34 P17=5

Result obtained from Table 4.6 will be rearrangsih@ mix job order (i.e. longer job first, shorter
job then followed by the next shorter job), basadmethodology 6’ of chapter 3, and then will

be assigned to the CPU. See Table 4.7.
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Merging more than two processes and assigning Big © the processes in LJF order gives a
good AWT and ATAT. However, merging more than twogesses and assigning the CPU to the
processes in interleaved order gives a better AWH ATAT. This informed our assigning the

CPU to the processes in interleaved order. Sead¢sglil and 4.2 respectively.

Average Waiting Time
7000

6000

5000

Average Waiting Time
N w H
o o o
o o o
o o o

1000

50 100 150 200 250 300 350 400 450 500

No of Processes

=®—AWT (LIF order) ==®=AWT (interleaved order)

Figure 4.1: Comparison of AWT for LJF order andeiri¢aved order
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Average Turnaround Time

1000

Average Turnaround Time

50 100

==®= ATAT (LIJF order)

150 200 250

300

350 400 450

No of Processes

=@ ATAT (interleaved order)

500

Figure 4.2: Comparison of ATAT for LJF order antkeirleaved order

Table 4.7: processes arranged in interleaved order

*P19,P14=54| P17=5 | *P13,P3=48| P11=34 | *P9 P18,P4=41
P0=35 P12=40 | P10=35 P7=38 P2=35
P6=38 P15=36 P1=38 | *P16,P5=37 P8=37
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4.3 Performance Evaluation Metrics

To evaluate the performance of the proposed scimedalgorithm (Enhanced Longest Job
First+CBT), the Average Waiting Time, Average Treund Time and Context Switch would
be calculated.

Waiting Time: according to (Silberschatt al, 2009), The CPU-scheduling algorithm does not
affect the amount of time during which a processcekes or does 1/0; it affects only the amount
of time that a process spends waiting in the repdue. Waiting time is sum of periods spent
waiting in the ready queue.

Waiting Time (WT) = first scheduled time - arrived time 4.1

Every good scheduling algorithm always has the afmmeducing the average waiting time of
processes in the ready queue.
Average Waiting Time (AWT) = Total Waiting Time/

total number of processes 4.2

Turn-Around Time: according to (Silberschatzal, 2009), the interval from the time of
submission of a process to the time of complettwam the point of view of a particular process,
how long it takes to execute that process is arortapt criterion.

TurnAround Time (TAT) = completion time - Arrival time 4.3

Average Total TurnAround Time (ATAT)= fotal TurnAround Time 4.1

Total number of processes

Minimum average turn-around time is good perforneandex.
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4.4 Experimental Cases of the Scheduling Algorithm
To demonstrate the proposed algorithm, the follgvarample were considered, 10 processes
were used, and each process had its process namestiand arrival time as shown in Table 4.8

below. All processes were considered to arrivbatsame time.

Table 4.8: 10 Processes with process id, burst angkarrival time

Process Name| Arrival Time Burst Time
PO 0 8
Pl 0 17
P2 0 40
P3 0 11
P4 0 8
P5 0 21
P6 0 6
P7 0 24
P8 0 19
P9 0 30
4.4.1 First Come First Serve (FCFS)
P0=8 P1=17 P2=40 P3=11 P438 P5=21 PG=6 P7=24 P$=19 P9=30
0 8 25 65 76 84 105 111 135 154 184

Figure 4.3: Gantt chart for FCFS

To find the average waiting time (AWT), equatiod ¥as used.
Waiting Time (WT) = (P8:0-0), (P17: 8-0), (P2:25-(3:65-0), (P4:76-0), (P5:84-0), (P6:105-

0), (P7:111-0), (P8:135-0), (P9:154-0)
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Total Waiting Time (TWT)= ((0-0)+(8-0)+(25-0)+(65-6(76-0)+(84-0)+(105-0)+(111-0)+(135-
0)+(154-0))
Total Waiting Time (TWT) = 763
Applying Equation 4.2, Average Waiting Time (AWTJ63/10
Average Waiting Time (AWT) =76.3
Using Equation 4.3,
Turn-around Time (TAT) = (P8:8-0), (P17: 25-0), (20), (P3.76-0), (P4:84-0), (P5:105-0),
(P6:111-0), (P7:135-0), (P8:154-0), (P9:184-0)
Total Turn-around Time (TTAT) = ((8-0)+(25-0)+(69+{76-0)+(84-0)+(105-0)+(111-0)+(135-
0)+(154-0)+ (184-0))
Total Turn-around Time (TTAT) = 947
Applying Equation 4.4, Average Turn-around Time @NT) = 947/10
Average Turn-around Time (ATAT) = 94.7

Context Switch=9
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4.4.2 Shortest Job First (SJF)

Table 4.9: 10 processes and their Burst Times,efart SJF order of their burst times

Process Name Burst Time
P6 6
PO
P4
P3 11
P1 17
P8 19
P5 21
P7 24
P9 30
P2 40

P6=6| PO0=8| P4=8| P3=11| P1=17| P8=19| P5=21| P7=24| P9=30, P2=40
N 14 22 33 50 69 90 114 144

Figure 4.4: Gantt chart for SJF

To find the average waiting time (AWT), equatiof %as used.

184

Waiting Time (WT) = (P6:0-0), (P0:6-0), (P4:14-(3:22-0), (P1:33-0), (P8:50-0), (P5:69-0),

(P7:90-0), (P9:114-0), (P2:144-0)

Total Waiting Time (TWT) = ((0-0)+(6-0)+(14-0)+220)+(33-0)+(50-0)+(69-0)+(90-0)+(114-

0)+(144-0))

Total Waiting Time (TWT) =542

Applying Equation 4.2, Average Waiting Time (AWT)542/10
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Average Waiting Time (AWT) =54.2

Using Equation 4.3,

Turn-around Time (TAT) = (P6:6-0), (PO: 14-0), (”P2-0), (P3: 33-0), (P1: 50-0), (P8: 69-0),
(P5: 90-0), (P7: 114-0), (P9: 144-0), (P2:184-0)

Total Turn-around Time (TTAT)= ((6-0)+(14-0)+(22+{B3-0)+(50-0)+(69-0)+(90-0)+(114-
0)+(144-0)+ (184-0))

Total Turn-around Time (TTAT) = 726

Applying Equation 4.4, Average Turn-around Time @NT) = 726/10

Average Turn-around Time (ATAT) =72.6

Context Switch=9

4.4.3 Longest Job First (LJF)

Table 4.10: 10 processes and their Burst Timege8on LJF order of their burst times

Process Name| Burst Time
P2 40
P9 30
P7 24
P5 21
P8 19
P1 17
P3 11
PO 8
P4 8
P6 6
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P2=4( P9=3( P7=2¢ P5=2! P8=1¢ P1=1% P3=1: PO=¢ P4=¢ P6=¢t

0

4c 7C 94 11& 132 151 162 17¢ 17¢ 184

Figure 4.5: Gantt chart for LIF

To find the average waiting time (AWT), equatiof %as used.

Waiting Time (WT) = (P2:0-0), (P9: 40-0), (P7:7Q-()5:94-0), (P8:115-0), (P1:134-0), (P3:151-

0), (P0:162-0), (P4:170-0), (P6:178-0)

Total Waiting Time (TWT) = ((0-0)+ ( 40-0)+(70-0Y94-0)+ (115-0)+ (134-0)+ (151-0)+(162-

0)+ (170-0)+(178-0))

Total Waiting Time (TWT) =1114

Applying Equation 4.2, Average Waiting Time (AWT1£14/10

Average Waiting Time (AWT) =111.4

Using Equation 4.3,

Turn-around Time (TAT) = (P2:40-0), (P9: 70-0), (8®4-0), (P5:115-0), (P8:134-0), (P1:151-0),

(P3:162-0), (P0:170-0), (P4:170-0), (P6:184-0)

Total Turn-around Time (TTAT) = (( 40-0)+(70-0)+4®)+ (115-0)+ (134-0)+ (151-0)+(162-0)+

(170-0)+(178-0)+(184-0))

Total Turn-around Time (TTAT) = 1298

Applying Equation 4.4, Average Turn-around Time gaT) = 1298/10

Average Turn-around Time (ATAT) = 129.8
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Context Switch=9

4.4.4 Longest Job First +CBT (LJF+CBT)

Using (Abdullahi and Junaidu, 2013) CBT modé€|,, = DL

n

from Table 4.10, Cwa = (40+30+24+21+19+17+11+8+&H®)
Cwa =184/10
Cwa =18.4

Testing for merging condition,

Table 4.11: 8 Processes formed after merging shpriecesses

Process Name| Burst Time
P2 40
P9 30
P7 24
P5 21
P8 19
*P1, P3 28
*PO, P4 16
P6 6

Processes P1, P3, PO, P4 and P6 met the condigaying i.e. their burst times are less than or
equal to the Cwag(18), and resulted to *P1, P3’, *P0, P4’ and P&smot merged because there

is no other processes that met the merging comditithe pool.
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Table 4.12: showing Table 4.11 sorted in LJF order

Process Name| Burst Time
P2 40
P9 30
*P1, P3 28
P7 24
P5 21
P8 19
*PO, P4 16
P6 6
P2=40 P9=30 *P1,P3=28 P7=24 P5=21 P8=19 *P0, P4=16 | P6=6

0 4c 7C 9€ 122 14: 162 17¢ 184

Figure 4.6: Gantt chart for LJF+CBT

To find the average waiting time (AWT), equatiod ¥as used.

Waiting Time (WT) = (P2:0-0), (P9: 40-0), (*P1,P8:0), (P7:98-0), (P5:122-0), (P8:143-0),

(*P0,P4:162-0), (P6:178-0)

Total Waiting Time (TWT) = ((0-0)+( 40-0)+(70-0)+§90)+(122-0)+(143-0)+ (162-0)+(178-0))
Total Waiting Time (TWT) = 813

Applying Equation 4.2, Average Waiting Time (AWT3%£3/10

Average Waiting Time (AWT) =81.3

Using Equation 4.3,
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Turn-around Time (TAT) = (P2:40-0), (P9:70-0), (*P3:98-0), (P7:122-0), (P5:143-0), (P8:162-

0), (*P0,P4:178-0), (P6:184-0)

Total Turn-around Time (TTAT) = (( 40-0)+(70-0)+(@8+(122-0)+(143-0)+ (162-0)+(178-

0)+(184-0))

Total Turn-around Time (TTAT) = 997

Applying Equation 4.4, Average Turn-around Time @NT) = 997/10
Average Turn-around Time (ATAT) = 99.7

Context Switch=7

4.4.5 Enhanced Longest Job First with CBT (ELJF+CBT)
Using (Abdullahi and Junaidu, 2013) CBT model, Hopra3.1 which is the median of the burst

times of the processes in the ready queue wastosediculate the threshold valtie
Using Equation 3.1,
Since n is even form Table 4.10,

medianValue = 1/2 [Sn/z + 81+3]
2

medianValue = 1/2 [19 + 17]

medianValue = 18

the threshold valu#l is 18, processes with burst time less than orlegqub8 are merged to form

new processes.
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Table 4.13: 7 Processes formed after merging shpri@cesses

Process Name| Burst Time

P2 40

P9 30

P7 24

P5 21

P8 19
*P1,P3 28
*PO, P4, P6 22

Processes P1, P3, PO, P4 and P6 met the condigaging i.e. their burst times are less than or
equal to the threshold (18), and resulted to *P1, P3’ and *P0, P4, P@res merged based on
‘methodology 4’ of chapter three.

Result obtained from Table 4.13 are rearrangedjusi® job order (i.e. longer job first, shorter job
then followed by the next shorter job), see methuglp6 of chapter three.

Table 4.14: showing Table 4.13 sorted in alterratger of burst time

Process Name| Burst Time

P2 40

P8 19

P9 30

P5 21
*P1,P3 28
*P0, P4, P6 22
P7 24

52



*P1,P3=28
P2=40 P8=19 P9=30 P5=21 *PO, P4, P6=22 P7=24

0 40 59 89 110 138 160 184
Figure 4.7:Gantt chart for ELJF+CBT

To find the average waiting time (AWT), equatiot %as used.

WT for P2 (0-0)= 0, WT for P8 (40-0)= 40, WT for E%9-0) = 59, WT for P5(89-0)= 89, WT for

*P1,P3(110-0)= 110, WT for *P0, P4, P6 (138-0)= E88 WT for P7(160-0) = 160.

Total Waiting Time (TWT) = 0+40+59+89+110+138+160

Total Waiting Time (TWT) = 596

Applying Equation 4.2,

Average Waiting Time (AWT) = 596/10

Average Waiting Time (AWT) =59.6

Using Equation 4.3,

TAT for P2 (40-0) = 40, TAT for P8 (59-0) = 59, TA®r P9 (89-0) = 89, TAT for P5 (110-0) =

110,

TAT for *P1,P3(138-0)= 138, TAT for *P0O, P4, P6 (6)= 160 and TAT for P7(184-0) = 184.

Total Turn-Around Time (TTAT) = 40+59+89+110+138-0148.84

Total Turn-Around Time (TTAT) =780

Applying Equation 4.4,

Average Turn-Around Time (ATAT) =780/10
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Average Turn-Around Time (ATAT) =78.0

Context Switch=6

4.5 Comparing ELIJF+CBT with some Existing Scheduling Agorithms
This new proposed scheduling algorithm was comparigia the following existing scheduling

algorithm:

1. First Come First Serve (FCFS)

N

. Shortest Job First (SJF)

w

Longest Job First (LJF)

B

Longest Job First +CBT (LJF+CBT)

The evaluation metrics used were average waitmg {AWT), average turn-around time (ATAT)

and context switch (CS).

4.5.1 Comparing ELJF+CBT and FCFS

ELJF+CBT performed better than First Come Firsv8acheduling algorithm in terms of AWT
and ATAT because it has a lower AWT, ATAT and numbecontext switches. ELIF+CBT'’s
smaller number of context switches is a big advgstaecause context switch has a high overhead

cost as shown in Table 4.15.

Table 4.15: Comparison of ELJF+CBT and FCFS for pd0cesses after 12 executions

Name of Algorithm AWT ATAT CS
FCFS 5633 5655 499
Enhanced LIF+CBT 5122 5153 327
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4,5.2 Comparing ELJF+CBT and SJF
ELJF+CBT performed better than SJF in terms of@drgwitch because it has a lower number of
context switches. This is a big advantage over [&Hfause context switch has a high overhead

cost as shown in Table 4.16.

However, Shortest Job First scheduling algoriths dndetter AWT and ATAT than ELJF+CBT,
this is because from the literature in ‘chapter taral other literatures SJF has a provably optimal

average waiting time when arrival time is the same.

Table 4.16: Comparison of ELJIF+CBT and SJF fod pdocesses after 12 executions

Name of Algorithm AWT ATAT CS
Enhanced LIF+CBT 5122 5153 327
SJF 4098 4120 499

4.5.3 Comparing ELJF+CBT and LJF
ELJF+CBT performed far better than Longest Jolt Brzkeduling algorithm in terms of AWT and
ATAT. It also has a much lower number of contexitsiaes which is a big advantage because

context switch has a high overhead cost as showale 4.17.

Table 4.17: Comparison of ELJIF+CBT and LJF for §¥0cesses after 12 executions

Name of Algorithm AWT ATAT CS
Enhanced LJF+CBT 5122 5153 327
Longest Job First 7120 7143 499

4.5.4 Comparing ELJF+CBT and LIF+CBT

ELJF+CBT performed better than Longest Job #C&T scheduling algorithm in terms of AWT,
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ATAT and context switch. ELJF+CBT has a lower AWAITAT and number of context switches
which means that ELJF+CBT has really enhanced LEA+Bereby offering a better solution to

the problems of LJF as shown in Table 4.18.

Table 4.18: Comparison of ELJF+CBT and LJIF+CBT 500 processes after 12 executions

Name of Algorithm AWT ATAT CS
Enhanced LIF+CBT 5122 5153 327
Longest Job First + CBT 6411 6441 374

4.6 Result Discussion and Conclusion
The results from the execution of the scheduligp@thms for 12 runs showed that ELJF+CBT

performed better than LJIF+CBT, LJF, and FCFS im$eof AWT, ATAT, and CS.

ELJF+CBT has a lower CS than SJF which is a majealatage for ELIF+CBT over SJF for the
fact that CS has an overhead cost associatedtwithaugh SJF has a lower AWT and ATAT.

See Table 4.19.

Table 4.19: Cumulative result of 500 processes dfeexecutions.

Name of Algorithm AWT ATAT CS
FCFS 5633 5655 499
Enhanced LIF+CBT 5122 5153 327
SJF 4098 4120 499
Longest Job First + CBT 6411 6441 374
Longest Job First 7120 7143 499

The Table 4.19 showed cumulative result of exeoutibthe scheduling algorithm program for

500 processes and with burst time ranging from ®%€cuted for 12 times. The shaded row

showing the result of the proposed algorithm.
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Figure 4.8: Snapshot of 500 processes after oneutiom

Windows batch script was used for execution ofedéht ranges of process burst time for a number

of times at once. (Figure 4.9).
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No. Process |500 Create Procesess

i + Insert Row 5= Délete Row il [ C-l.ear Té-i-a-l-e

Algorithm Name ANG Waiting Time AVG Turnaround Time
First Come First Serve 5,674 5,697 A
Shortest Job First 4,198 4,221
Longest Job First 7,151 7174
Longest Job First + CBT 6,470 6,500
Enhanced Longest Job First + CBT 5,190,039 5,221.6
W
FCFS | SF LF | UF+CBT | | Modhed LIF+CBT




Figure 4.9: Snapshot of execution of process sdiveglusing windows batch scripting

Process Name Arrival Time Burst Time

Process0 | 0 11| A
Processi | aj 21
Process2 | aj 29
Process3 | aj 21
Process4 | aj 27|
Processs | aj b3
Processé | aj 17
Process7? | aj 23
Processs | aj 27|
Processd | aj 32
Process10 | 0 15
Process1l | o] 34
Process12 | o] 11
Process13 | o] 35
Processid | 0l 7L

Figure 4.10: Snapshot of processes with their Bilinstes and Arrival Times

58
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Figure 4.11: Graph of Average Waiting Times faaample process (50-500)

The Figure 4.11 shows a graphical representatidieoéll the result of average waiting time for all

the scheduling algorithms used, using the data ffabie 4.20.

As can be seen from the graph, ELIJF+CBT perforneg¢tgbthan FCFS, LJF and LIF+CBT in terms

of average waiting time, and SJF had lower AWT.
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Table 4.20: Average Waiting Time data

No of Processes

Name of
Algorithm 1oy 1100 | 150 | 200 | 250 | 300 |350 | 400 |450 |500
FCFS 545| 1124] 1665] 2213] 2825 3336] 3881 4553] 5049] 5633

Enhanced 491|1027| 1526| 2010| 2578| 3042| 3571| 4131| 4626| 5122
LIF+CBT
SJF 398|831 | 1220/ 1600| 2078| 2445| 2871| 3330| 3717| 4098

Longest Job | 624| 1285| 1908| 2510( 3227| 3811| 4462| 5161| 5776| 6411
First + CBT
Longest Job | 691| 1429| 2116| 2785| 3567 | 4224| 4954| 5711| 6396| 7120
First

Table 4.20 shows the results generated form theuwtioa of the scheduling algorithm for different
ranges of processes between 50 and 500 and exdcutedes. The first objective of the research
which was enhancing the LJF+CBT algorithm was aadewith the value of AWT produced for

ELJF+CBT lower than the value for LJF+CBT.
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Figure 4.12: Graph of Average Turnaround Timesd@ample process (50-500)

The Figure 4.12 shows a graphical representatiadheofill the result of average turn-around time

for all the scheduling algorithms used, using taedrom Table 4.21.

As can be seen from the graph, ELJF+CBT perfornmegtebthan FCFS, LJF and LIJF+CBT, and

SJF had lower ATAT.
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Table 4.21: Average Turnaround Time data

No of Processes
Name of

Algorithm | 55 100 | 150 | 200 | 250 |300 |350 |400 |450 | 500

FCES 567|1147|1687| 2235| 2847| 3358| 3903| 4576| 5072| 5655

Enhanced 523| 1059| 1558| 2040| 2609| 30/3| 3602| 4163| 4657| 5153
LIF+CBT
SJF 420|853 |1242|1622| 2101| 2468| 2893 | 3352| 3739|4120

Longest Job 653|1315|1938| 2539| 3258| 3841| 4492| 5191 | 5806| 6441
First + CBT
Longest Job 713|1451|2138| 2807| 3590| 4246| 4976| 5733| 6419| 7143
First

Table 4.21 shows the results generated form theuwtioa of the scheduling algorithm for different
ranges of processes between 50 and 500 execut&dds?2 One of the objectives of the research
which was enhancing the LIF+CBT algorithm was aade with the value of ATAT produced

for ELJF+CBT lower than the value for LJF+CBT.
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Figure 4.13: Graph of Context Switches for samptpsses (50-500)

The Figure 4.13 shows a graphical representatidheofll the result of context switch for all the

scheduling algorithms used, using the data fromeTal22.

As can be seen from the graph, ELIF+CBT perforngtébthan SJF, FCFS, LJF and LIJF+CBT.
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Table 4.22: Context Switches data

No of Processes
Name of Algorithm

50{100| 150| 200|250 | 300 | 350 |[400 | 450 |500

FCFS 49199 |1491199|249 | 299 | 349 | 399 | 449 | 499
Enhanced LJIF+CBT 32|66 |98 |131|164 | 195 |229 | 263 | 295 | 327
SJF 49199 |1491199|249 | 299 | 349 | 399 | 449 | 499

Longest Job First + | 37|74 |112| 149|187 | 224 |262 |300 |337 | 374
CBT

Longest Job First 49199 |1491199|249 | 299 | 349 | 399 | 449 | 499

Table 4.22 shows the results generated form theuwtioa of the scheduling algorithm for different
ranges of processes between 50 and 500 executadd?2 One of the objectives of the research
which was enhancing the LJF+CBT algorithm was alshieved, with the value of Context

Switches produced for ELIF+CBT lower than the vétud JF+CBT.

ELJF+CBT also has an advantage over SJF algorithterins of CS, because ELJF+CBT had the
lowest CS for all the number of processes execanedall the scheduling algorithm considered in

this research.
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Figure 4.14: Graph of average waiting time for LIBF+CBT and ELJF+CBT

The Figure 4.14 shows a graphical representatitimeofesult of average waiting time for Enhanced

LJF+CBT, LJIF+CBT and LJF scheduling algorithmsngdhe data from Table 4.23.

As can be seen from the graph, ELJF+CBT perfornettebthan LIJF+CBT, and far better than

LJF. This shows that the average waiting time &f s greatly reduced.
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Table 4.23: Average waiting time data for LJF, LIEBT and ELIJF+CBT

Name of No of Processes

Algorithm 20T 100 | 150 | 200 | 250 | 300 | 350 | 200 | 450 | 500
LEJ”I?fgg?rd 491 1027| 1526| 2010| 2578| 3042| 3571| 4131 | 4626| 5122
Eﬁ!?isé‘é?b 624| 1285| 1908| 2510 3227| 3811| 4462| 5161| 5776/ 6411
Longifssttmb 691| 1429 2116/ 2785| 3567| 4224| 4954| 5711 6396 7120

Table 4.23 shows the results generated form theutoa of Enhanced LIJF+CBT, LIF+CBT and
LJF scheduling algorithm for different ranges adgasses between 50 and 500 executed 12 times.
The first objective of the research which was eeslanthe LIF+CBT algorithm was achieved,

with the value of AWT produced for ELJF+CBT loweah the value for LJIF+CBT and LJF.
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Figure 4.15: Graph of average turnaround time faH,.LJF+CBT and ELJF+CBT

The Figure 4.15 shows a graphical representatioth@fresult of average turnaround time for

ELJF+CBT, LJF+CBT and LJF scheduling algorithmsngshe data from Table 4.24.

As can be seen from the graph, ELJIF+CBT performettebthan LIJF+CBT, and far better than

LJF. This shows that the average turnaround timelBfwas greatly reduced.
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Table 4.24: Average turnaround time data for LJIBFECBT and ELJF+CBT

Name of No of Processes

Algorithm 7 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500
Enhanced | .51 1 059| 1558| 2040/ 2609 3073| 3602| 4163| 4657| 5153
LIF+CBT
Longest Job| o1 1 315| 1938| 2539| 3258 3841 4492| 5191 5806/ 6441
First + CBT
"O”gifsstt Jobl 21 3| 1451| 2138| 2807| 3590 4246 4976| 5733 6419 7143

Table 4.24 shows the results generated form theuto® of Enhanced LIJF+CBT, LIF+CBT and

LJF scheduling algorithm for different ranges adgasses between 50 and 500 executed 12 times.

The objective of enhancing the LIF+CBT algorithmswehieved, with the value of ATAT

produced for ELJF+CBT lower than the value for LOBA and LJF.
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Figure 4.16: Graph of context switch for LJF, LIFBT and ELJF+CBT

The Figure 4.16 shows a graphical representatioth@fresult of context switch for Enhanced

LJF+CBT, LJF+CBT and LJF scheduling algorithmsngdhe data from Table 4.25.

As can be seen from the graph, ELJF+CBT performettebthan LIJF+CBT, and far better than

LJF. This shows that the number of context switafds]F was greatly reduced.
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Table 4.25: Context switch data for LJF, LIF+CBTdadBLIJF+CBT

Context Switch

Name of No of Processes
Algorithm

50| 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500
Enhanced
scmr | 32| 66 | 98 | 131 | 164| 195 | 229 | 263 | 295 | 327
Longest Jobl - | 24 | 112 | 149 | 187 | 224 | 262 | 300 | 337 | 374
First + CBT
"O”Ei‘:sst”‘)b 49| 99 | 149 | 199 | 249 | 299 | 349 | 399 | 449 | 499

Table 4.25 shows the results generated form theuto® of Enhanced LIJF+CBT, LIF+CBT and
LJF scheduling algorithm for different ranges adgasses between 50 and 500 executed 12 times.
The enhancing the LJF+CBT algorithm was reducing ttumber of contest switches was

achieved, with the value of CS produced for ELIFF0&wer than the value for LIF+CBT and

far lower for LJF.
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CHAPTER FIVE

Summary, Conclusion and Recommendation

This chapter presents the summary, conclusion @ec@hrmendation of this thesis work.

5.1 Summary

One of the most important components of the compasource is the CPU. CPU scheduling
involves a careful examination of pending processeketermine the most efficient way to service
the requests. Many CPU scheduling algorithms haes Ipresented with varying advantages and
disadvantages.

In this research an Enhanced Longest Job First@athnbinational Burst Time (ELJF+CBT) CPU
scheduling algorithm was proposed. Simulation tesklowed that the proposed ELIJF+CBT CPU
scheduling algorithm gave better performance thaldF+CBT in terms of average waiting time,
average turnaround time and context switch.

After the enhancement of LJF+CBT, it was found thataverage waiting time, average turnaround

time and context switch were reduced.

5.2 Conclusion

The proposed algorithm (ELJF+CBT) was be able toimmze the Average Waiting Time by

26.69%, Average Turn-Around Time by 21.77% and aésluce the number of context switches
by 14.29% in LJF+CBT. In Longest Job First (LJRextuling this algorithm drastically reduced
the average waiting time by 46.5%, average turmatdime by 39.39% and number of context
switching between processes by 33.33%.

Following these results obtained, the three objestset by this work were achieved.

71



5.3 Future work

For future work as related to this research, adette ELIF+CBT with different arrival times for
processes should be looked into.

5.4 Recommendation

We recommend that this proposed scheduling algaritEnhanced Longest Job First with CBT,
should be implemented in an operating system ealipetihose used in manufacturing industries,

since as it was seen from the simulation resulég thcan compete favourably with other

scheduling algorithms in a batch system.
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APPENDIX |

/lpackage scheduling;

import java.util.ArrayList; import

java.util. Random;

public class Scheduling {

ArrayList<Process> process = new ArraylList<Rss>(5);
double time;

double avgWaitingTime, avgTurnaroundTime;

String waitingTime = "( ", turnaroundTime ="}(

Scheduling(ArrayList<Process> process) {

this.process = process; sortProcesses();

}

private void sortProcesses() {
/[sort the processes according to arrivaé tin ascending order
for (inti=0; i< process.size() - 1; i++) { for(intj=1i+1;]
< process.size(); j++) {
if (process.get(i).arrivalTime >opess.get(j).arrivalTime) {
Process p = process.get(j); cese.set(], process.get(i));
process.set(i, p);

}
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private double getAvgWaitingTime(ArrayList<Pess> process) {

double[] waitTime = new double[process.size()];

for (int i = 0; i < waitTime.length; i++) {
waitTime[i] = 0;

}

for (int i = 0; i < process.size(); i++) {
Process p = process.get(i);
for (int j = 0; j < p.burstPos.size[}+) {
try {
waitTime[i] += p.burstPos.gggiart - p.burstPos.get(j - 1).end;
waitingTime +="+ (" + p.burst®get(j).start + " - " + p.burstPos.get(j - 1).eng ";
} catch  (ArraylndexOutOfBoundsExtep e) {
waitTime[i] += p.burstPos.get(j).start - p.arrivatie;

waitingTime += "+ (" + p.burstRget(j).start + " - " + p.arrivalTime + ") *;

double avgWaitTime = 0;

for (int i = 0; i < waitTime.length; i++) {
avgWaitTime += waitTime[i];

}

avgWaitTime /= process.size();
waitingTime +=") / " + process.size();
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/lremove the first '+' sign from the wagfiime string
int index = waitingTime.indexOf('+');

waitingTime = waitingTime.substring(0, inge+ waitingTime.substring(index + 2);

return avgWaitTime,

private double getAvgTurnaroundTime(ArrayListaBess> process) {

int[] turnTime = new int[process.size()];

for (int i = 0; i < turnTime.length; i++) {
turnTime[i] = O;

}

double avgTurnTime = 0; for
(inti=0; i< process.size(); i++) {
Process p = process.get(i);

avgTurnTime += p.burstPos.get(p.burstfive() - 1).end - p.arrivalTime;
turnaroundTime += "+ (" + p.burstPos.get(p.burstBias() - 1).end + " - " + p.arrivalTime + ") ";

}
avgTurnTime /= process.size();

turnaroundTime +=") / " + process.size();

/Iremove the first '+' sign from the turmandTime string
int index = turnaroundTime.indexOf('+'); rdaroundTime =
turnaroundTime.substring(0, index) +

turnaroundTime.substring(index + 2);
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return avgTurnTime;

private void reset() {
time = 0;
avgTurnaroundTime = 0;
avgWaitingTime = O;
waitingTime ="(";
turnaroundTime = "( "; for
(Process p : process) {
p.burstPos.clear();
}
}

private void sortProcessesBurstDescending(ArsiyProcess> process) {
//sort the processes according to arrival timesgeading order for (inti
= 0; i < process.size() - 1; i++) { fontj =i+ 1, j < process.size();
) {
if (process.get(i).burstTime < pes.get(j).burstTime) {
Process p = process.get()); cese.set(],
process.get(i)); process.spi(i,

}

}
void modifiedLJFCBT() {}
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