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ABSTRACT



Scheduling is the technique of deciding which pssds given control of a computer resource at
a particular time. Processes are numerous whileuress- such as the central processing unit
(CPU), bandwidth and memory among others - arececdr therefore becomes necessary for
scheduling to be done. Since there is no optimlakdaling algorithm, an algorithm becomes
suitable based on the scheduling criteria thatoferating system is designed to uphold. This
thesis focuses on the development and evaluatiothefperformance of a CPU scheduling
algorithm that achieves service timeliness by mining the penalty ratio variance. The
algorithm inherits properties from the round robsheduling algorithm. The model was tested
and evaluated for performance alongside the RowtanRalgorithm and some modifications of
it, and was found to perform better than these rotiilgorithms on penalty ratio variance
minimization. This therefore implies that the tumand time of a process can be determined

before time; and can be evaluated to be a multipits penalty ratio.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 BACKGROUND

One of the main functions of the operating systamscheduling (Babwet al., 2012). By
switching the CPU among processes, the operatistersy can make the computer more
productive (Silberschatet al, 2005). Hence, it has become an interesting apaitant field of

research in operating systems.

By way of definition, CPU scheduling can be defirsedthe art of determining which process to
run when there are multiple runnable processesa@taryet al.2012). It also refers to the way
processes are assigned to run on the available (Ridis et al., 2012).CPU scheduling
therefore involves selecting from the processesmgmory that are ready to execute, and

allocating the CPU to one of them. A process isogfam in execution.

CPU scheduling is not planning since there is ninggd solution; rather it is about balancing
goals and making difficult tradeoffs. A new schedglalgorithm either places emphasis on a
different goal or provides a simpler way to achiéve same goals as its predecessors. The only
bad scheduling policy is one that trades somethiargnothing or de-emphasizes one goal
without an improvement in another (Meehean, 20There exist various CPU scheduling
algorithms, each one with its advantages and dasadges (Lenka and Ranjan, 2012). In order
to measure and compare the efficiency of a scheglaligorithm some criteria were suggested
(Daset al, 2012). Which criteria are used for comparison geke a substantial difference in

which algorithm is judged to be the best.



This research focuses on minimizing the variancpenfalty ratio of the processes. The penalty
ratio of a process is the elapsed time from runtimegprocess divided by the sum of the CPU
and I/O demands of the job. It is also called #®ponse ratio and is a factor of the turnaround
time (Sharmaet al.,2012). Another area of concentration in this redeavill be with making
sure that every process makes progress, therebgmnineg starvation. Starvation is a condition

in which process are made to wait indefinitelydtiocation to required resources.

Expected values for turnaround time and waitingetwhich may or may not be met up with
after the processes have been executed will be@edeand worked with. However, in the long
run, the variance of the penalty ratio values Wwél minimized. Comparison of results will be
done with the following round robin scheduling aigfams: classical Round Robin (RR),
Dynamic Quantum Re-adjusted Round Robin (DQRRRpréved Round Robin (IRR) and
New Improved Round Robin (NIRR) algorithms. Thissbecause the proposed algorithm is a
modification of the round robin algorithm.

The results to be compared will be popular CPUedahing criteria, namely: average waiting
time, average turnaround time and context switchit@vever, two other scheduling uncommon
scheduling criteria will also be introduced andduas a basis of comparison. These are: average

penalty ratio and penalty ratio variance.

1.2 RESEARCH QUESTIONS

a. How much does the proposed algorithm gain on themized penalty ratio variance?

b. What are the trade-offs of the proposed algorithm?



1.3MOTIVATION OF THE STUDY

Processes that are run using the round robin #hgorhave high turnaround time (Abdullahi,
2012), which implies a high variance in penaltyicatalues. However, if this variance is

reduced, the quality of service experienced byuder can be maximized (¥ al, 2009%.

1.4 AIM OF THE STUDY

The aim of the research is to design and impleraardlgorithm that minimizes the variance of

the penalty ratio of the processes in the commytstem.

1.50BJECTIVESOF THE STUDY

The objectives of the research are to:

a. Modify the round robin scheduling algorithm suchttit minimizes the variance of the
penalty ratio.

b. Implement the Minimized Penalty Ratio Variance aion.

c. Evaluate other modifications to the round robinoalipm, namely RR, IRR, NIRR,

DQRRR.

1.6 METHODOLOGY

The approaches that will be applied in achievingaion and objectives in this research are to:

a. Make extensive study of scheduling algorithms.
b. Develop the proposed algorithm.

c. Implement the proposed algorithm using the PHP narogning language.



d. Evaluate the proposed algorithm by comparing ihvalready existing CPU scheduling
algorithms.

e. Summarize and recommend future research.

1.7 SCOPE

The work is limited to the round robin CPU schealylalgorithm. The proposed algorithm is a

modification of the classical round robin algorithm

1.8 SIGNIFICANT CONTRIBUTIONS

The research hopes to make a meaningful contributidhe problem of high turnaround times
generated by the Round Robin algorithm. In minimgzthe penalty ratio variance, the Round
Robin algorithm uses the penalty ratio of each @secto determine their turnaround time,

thereby achieving service timeliness.

1.9 ORGANIZATION OF THESIS

In chapter two, existing literature and researdwslucted in the field of process scheduling are

discussed.

In chapter three, the methodologies adopted t@ddbe proposed framework for the Minimized

Penalty Ratio Variance Algorithm are discussed.

In chapter four, the implementation and testinthefproposed algorithm is presented.

In chapter five, the summary of the work and pre&goareas for future work are presented.



CHAPTER TWO

LITERATURE REVIEW

21INTRODUCTION TO OPERATING SYSTEMS

Computer software can be divided into roughly tategories: system programs: which manage
the operations of the computer itself, and appbcaprograms; which perform the actual work

the user wants. The most fundamental system progdhe operating system, whose job is to
control all the computers’ resources and provitbase upon which the application programs can
be written (Tanenbaum and Woodhull, 2006). Putnotlaer way, the operating system is a
program that controls the execution of applicatmograms and acts as interface between

applications and the computer hardware. Thisustithted in Fig 2.1.

Application programs

Utilities

Operating System

Computer Hardware

Fig 2.1 Layers and Views Of a Computer System (fikaam and Woodhull, 2006)

The operating system is responsible for managinggsses, memory and storage, as well as

protection and security. It has three main objestiv

a. Convenience: it makes the computer more convetwense by acting as a user/computer
interface.

b. Efficiency: it allows the computer system resouricebe used in an efficient manner.



c. Ability to evolve: it should be constructed in suahway as to permit the effective
development, testing and introduction of new systenctions without interfering with

service (Stallings, 2012).

Operating systems have evolved from generatioeb@iation of computers:

a. Serial Processing: involved users having acceigtocomputer in series.

b. Simple batch systems: jobs are batched togethereséglly and run on the computing
system.

c. Multiprogrammed batch systems: the processor sestdlom one program to the next,
especially when the previous program is waitinglf@r. The systems became necessary
since I/O devices were much slower when comparede@rocessors, hence resulting in
a great lapse in the operating system because riheegsor was often kept idle

(Tanenbaum and Woodhull, 2006).

2.2 PROCESSES

Simply put, the term ‘process’ refers to an exemuset of instructions (Harris, 2002). It can also
be thought of as a program in execution (Silbernzcled al, 2005). Systems consist of a
collection of processes. As has been previously, she operating system manages processes

among other things (Tevfik, 2013).

Associated with a process are its code, its dagapperating system resources allocated to it, and
one or more threads of execution. A thread is @& té execution through the process code with
its own program counter, system registers and staltkis sometimes called a light weight

process.



Each process is represented in the operating syisyeanprocess control block (PCB) as shown

in Fig 2.2.

Process state

Process numb

Program count:

Registers

Memory limits

List of open files

Fig 2.2 Process Control Block (Silberchatal, 2005)

As seen in the Fig 2.2, the process control blackains the:

a. Process state: This may be new, ready, runnindingahalted, etc.

b. Process Counter: This indicates the address afigéiReinstruction to be executed for the
process.

c. CPU reqgisters: These include accumulators; indegisters, stack pointers, general
purpose registers plus any condition-code inforamati

d. CPU scheduling information: this includes the pesceriority, pointers to scheduling
gueues and any other scheduling parameters.

e. Memory management information: this includes sudbrmation as the value of the base
and the limit registers, the page tables or segmadites.

f. Account information: this includes the amount ofLCBnd real time used, time limits,
account numbers, job or process numbers, etc.

g. I/O status information: This includes the list 8 Idevices allocated to the processes.



Processes in a short-term scheduler can pass fiaen to state as illustrated in Fig 2.3. It is

called the diagram of process state.

admitted interrupt axit

terminated

scheduler dispatch

IO or event completion /O or event wait

Fig 2.3 Diagram of Process State (Sibersottadiz 2005)

The states are defined as follows:

a. New: Here, the process is created.

b. Ready: After the process has been admitteditére a ready queue either according to arrival
time or in conformity to a particular CPU schedglialgorithm, waiting to be assigned to the
processor. A process can also be in the ready afte an interrupt occurs on it while it is

running, or after an event has completed wheniit tee waiting state.

c. Running: Instructions are executed on the pgaCHse process is usually executed based on a

particular CPU scheduling algorithm after the dispar has selected it to run.

d. Waiting: The process is waiting for some evenbdcur (such as I/O completion or reception

of a signal).



e. Terminated: The process exits after execution.

CPU scheduling decisions may take place when aepsoswitches from running to waiting state,

running to ready state, and waiting to ready staterminates.

2.3 SCHEDULING

By way of definition, scheduling is the method atians by which threads, processes or data
flows are given access to system resources (eogegs time, CPU, communication, bandwidth)
which is usually done to balance a system and aetbest quality of service (Ernst al, 2007;
Mostafaet al., 2010). Scheduling also refers to the series obastperformed on a system to

distribute processes to resources using the Idvagt and mid-term scheduler (Abdullahi, 2012).

An operating system must allocate computer ressuraenong potentially competing
requirements of multiple processes. The CPU is @nthe primary resources, and therefore
scheduling is central to the operating system (Yagtaal.2012). The means of allocation of
resources is referred to as scheduling (Haque,)20d2 multiprogramming system, multiple
processes exist concurrently in memory, therefocheduling is important in such an
environment (Stallings, 2012). This implies thatlCschedulers provide an illusion of multiple
virtual CPUs to applications (or processes); eagplieation appears to have its own CPU

(Meehean, 2011).

One of the aims of CPU scheduling, then, is to maliy divide CPU resources amongst

competing tasks. Optimality can vary between appbois. Therefore, each CPU scheduler
needs a system-specific policy that defines hoshi@re the processor. This policy encapsulates
the broad scheduling goals of the system, andcteflihe system’s expectations regarding its

workloads.



Scheduling policy is a balancing act between comgegoals. Modern scheduling policies make

tradeoffs between three primary goals among others:

a. Fairness: This concerns how CPU cycles are diviolest some time scale- which is
referred to as its CPU allocation. A policy’s fass can be measured by how closely and
at what time scale it matches a desired allocation.

b. Latency: This is the measure of how quickly a taslscheduled after it has become
eligible. In other words, it is how long a task musit before it is given control of the
CPU.

c. Progress: This measures the work a task can achmpla given time period. In the

extreme case, called starvation, a task may makeogess at all. (Meehean, 2011)

CPU

A

<«—— Short-term (CPU) scheduler
v

\ 4
} e
D]IJET Main Memon |« I =

Long-term (admission) scheduler Mid-term (memacheduler

Input queue

Fig 2.4 Three-Level Scheduling (Tanenbaum and Wuolhd?006)

Fig 2.4 illustrates Long-, Mid- and Short-term sdhlkng.



2.3.1 Long-term or admission scheduling

As jobs arrive at the system, they are initiallgqad in the input queue stored on the disk. As
seen in Fig 2.4, the long-term or admission sclexdiécides which jobs to admit into the

system. The others are kept in the input queué thietly are selected (Tanenbaum and Woodhull,
2006). The long-term scheduler also dictates tsyis¢em its degree of concurrency and how the

processes will be split (Abdullahi, 2012).

Processes being scheduled here can exist in tdestagk. When a process is in this state, it has
been created but will not be considered for loadmg memory or for execution. Typically, only

new processes can exist in this state (Harris, 2002

2.3.2 Mid-term or memory scheduling

From Fig 2.4, it can be seen that this second lefvetheduling decides which process should be
kept in memory and which one should be kept on.distan temporarily remove processes from
main memory to the secondary memory (swap out)vaselversa (swap in) as shown in Fig 2.5.
This scheduler reviews its decisions on allowingcpsses on disk to get some service

frequently.

The mid-term scheduler optimizes system performabgecarefully deciding how many
processes it wants in memory and what kind of @eee should be in memory at that time.

Decision criteria include the following:

a. How long has it been since the process was swapp&dut?
b. How much CPU time has the process had recently?

c. How big is the process?



d. How important is the process? (Tanenbaum and Wdb@06)

In modern operating systems, the mid-term schedptforms the job of the long-term

scheduler by the use of virtual address space téatpy of the memory (Abdullahi, 2012).

Swap-in Partially executed swapped out| ~ Swap-out
processes

New > PP — Out
Ready queue »({ CPU
\_.-/1—

. /0 waiting queues 4
<—.

Fig 2.5 Mid-Term Scheduler (Abdulllahi, 2012)

v
v

Processes being scheduled by the mid-term schechdegxist in two states:

a. Swapped-blocked: Here, the process is waitings@one event to occur and has been
swapped out to secondary storage.
b. Swapped-ready: The process is ready to run buwapged out to secondary storage; it

may not be allocated to the CPU since it is notlnma&mory (Harris, 2002).
2.3.3 Short-term or CPU scheduling

This is the third level of scheduling. It involvestually picking one of the ready processes in
memory to run next by the CPU. The short-term solezds invoked whenever an event occurs
that may lead to the blocking of the current preces that may provide an opportunity to

preempt currently running process to favour anotBeich events include clock interrupts, 1/0



interrupts, operating system calls, signals, etall{8gs, 2012). From Fig 2.3 it is obvious that in

short-term scheduling, processes can exist in neady, running, waiting and terminated states.

It works with any suitable algorithm.

234

A.

a.

Performance measures for scheduling algorithms (Scheduling criteria)
User’s point of view
Turnaround timeThis is the interval between the time of submissiba process and the
time of completion of the process. That impliessithe sum of the times the process
waited to get into memory, waiting in the ready ugieexecuting on the CPU and doing
/0.
Response TimeThis is the measure of time from the submissiom oéquest until the
time its first response is produced. Shorter systeaponse time may lead to higher
productivity (Schneiderman, 1984).
Meeting deadlinesThis is the ability for the scheduler to meet pfedsl deadlines of
the processes. It is only required when the miniexalcution time of an application can
be accurately predicted.
Predictability:This is a lack of variance in certain measuresasfggmance in a system,
such as its turnaround time, waiting time or reggatime.
System’s point of view
ThroughputThis is the measure of the work completed pertimi.
Waiting time: This is the sum of the periods the process speitingan the ready
queue.
User Processor Utilization: This is the percentaiyenit time during which the CPU

IS running user processes.



d. Overall Processor Utilizationthis is the time percentage during which the CPU is
busy.

e. Resource Utilization Balanc&his extends the idea of processor utilizationatket
into account all system resources. A good schedsteuld try to keep all the
hardware resources in use at any time.

f. Penalty Ratio:This is the elapsed time divided by the sum of @RU and I/O
demands of the job. It is a better measure of h@ll the scheduler is doing since it
is a factor of the turnaround time. If the pena#tio is low, it means the turnaround
time is better and vice versa. If its varianceois,Ithen by implication, the turnaround
time is stable and more predictable. It is alstedaihe response ratio.

Penalty Ratio (PR) = Turnaround time (TAT) / Burste (BT)

C. Interaction point of view

a. FairnessThis implies that no process should be left tovgtavaiting for the CPU for
the CPU time.
b. Policy EnforcementWithin the limits of a fair scheduling policy, pegence should

be given to high priority processes, when priositiee defined (Sharnat al, 2012).

24 SCHEDULING ALGORITHMSIN OPERATING SYSTEMS

As has been previously said, CPU scheduling is lthgis for multiprogrammed operating
systems. The CPU scheduler works with any suitalgerithm. Processes require a scheduling

algorithm to decide on the mode and nature of ¥eew@tion process (Bolesaw, 1990).

24.1 First-Come-First-Served (FCFS)



This is the simplest scheduling policy and alsovina@s the first-in-first-out (FIFO) (Stallings,
2012). This implies that the algorithm follows a@icdtqueuing scheme: the first process/job that
arrives is the first to be scheduled; thereforefitst job in the queue will be the first to leave.

The algorithm is easily managed with a FIFO quéXge(unji and Oluleye, 2009).

A. Propertiesof FCFS

a. Selection function is based on the process mvakimum waiting time.

b. Decision mode is non-preemptive.

c. Minimal context switching overhead.

d. Response time may be high.

e. Throughput maybe low especially when longer presexecuted first.

f. Short processes and I/O bound processes aréizehaince it long jobs are favoured.

g. No starvation of processes.

B. Advantages of FCFS

a. Fairness: Each process is treated fairly depgrah the time of arrival.
b. Less costly to implement.

c. No pre-emption.

d. Better for shorter jobs.

C. Disadvantages/problems of FCFS

a. High turnaround time.

b. Starvation of shorter jobs when longer jobstexis



c. Un-attainable due dates.
d. Reduces CPU and I/O device utilization.

e. Could result in convoy problem. (Abdullahi, 2p12

2.4.2 Shortest-Job-First Scheduling (SJF)

In this case, the scheduler always chooses theegsabat has the shortest expected remaining
processing time. When the CPU is available, itssigned to the process that has the smallest
next CPU burst. If the next CPU bursts of two psses are the same, FCFS scheduling is used
to break the tie (Silberschagt al, 2005). The SJF may be implemented as either gtemor
non-preemptive (Oyetunji and Oluleye, 2009). SJthyreemption forcibly takes a process out
of the CPU when a job with a lesser burst timevagi SJF without preemption on the other hand
allows the process being executed by the CPU tofully before handing control over to the
ready process with the shortest burst time. The &gérithm favouritism of shorter processes
over longer ones is an overhead when compared ESHBandarupallet al, 2012). It is the

most popular scheduling algorithm (Jaiswal, 2012).

A. Properties of SIF

a. Selection function is based on the process tivélshortest service time.

b. Decision mode can either be preemptive or neespptive.

c. Throughput is high.

d. Response time is good, especially for shortgsses.

e. High context switch overhead.



f. Long processes are penalized, and thereforeestar

B. Advantages of SJF

a. Maximum throughput.

b. Low waiting time compared to FCFS.

c. Response time is better as jobs are treatedaster manner.

d. Maximum utilization of CPU.

C. Disadvantages/problems of SJF

a. Difficult in checking job pool every time forégmext schedule.

b. Next burst-time is usually predicted by the G8g the past burst-time.

c. Interrupts running process.

d. Could lead to starving longer jobs.

e. High cost of implementation because of the mmetestimation. It is not a widely used

scheduling algorithm.

f. Selfish and unrealistic (Abdullahi, 2012).
2.4.3 Round-Robin scheduling (RR)
The round-robin scheduling can be referred to agmptive FCFS. This is because fixed time
slices called ‘time quantum’ are assigned to thecgsses as they are scheduled. The algorithm
gives a better response time, but worse turnar@madwaiting times because of the static time
guantum (Srivastaet al, 2012). If the time quantum is too small, it resuftsoverhead due to
context switching. However, if it is too large, ththe processes would be executed just like the
normal FCFS.

A. Propertiesof RR

a. Every process has the opportunity to run for itsigieated time slice.



b. Decision mode is preemptive; processes are preempben they exhaust their time
quantum.
c. It provides good response time for short processes.
d. All processes are treated fairly, therefore thenea starvation.
B. Advantages of RR
a. Easy to implement
b. Each process gets equal share of the CPU.
c. CPU utilization is almost 100% as the CPU negats idle.
C. Disadvantages/problem of RR
a. Longer jobs keeps switching when Quantum is(ildullahi, 2012).
2.4.4 Priority scheduling
In the priority scheduling algorithm the CPU isoathted to processes according to the priority
already assigned to each process. Priority candberrdined by the user or by the system.
Priority assignment can be fixed or dynamic andajgroach adopted can be preemptive or non-
preemptive (Saxena and Agarwal, 2012). Processts hgher priorities are executed before
those with lower priorities. Where multiple proces$iave the same priority, the FCFS approach
is used to break the tie.
A. Propertiesof Priority Scheduling
a. Overhead is not minimal.
b. All evaluation metrics depend on the prioritdenr.
c. High priority processes have smaller waitingetim
d. High priority processes have smaller respomse.ti

e. Deadlines are not met by assigning deadlings®with lower priority.



f. Starvation is likely to occur to processes wittver priority.

B. Advantages of Priority Scheduling

a. Throughput is easily predicted and enhancediastp are set.

b. High turnaround time.

c. High response time.

C. Disadvantages/problems of Priority Scheduling

a. Starvation as a result of lower priority score.

b. Costly as involves context switching betweencpsses of lower priority scores

(Abdullahi, 2012).
2.4.5 Highest Response Ratio Next (HRRN)
The highest response ratio next algorithm was @epoby Brinch Hansen to avoid the
limitations of the shortest job first algorithm (Raayaket al., 2012). It is a non-preemptive
algorithm that selects the process that has thkeebigresponse ratio, as calculated from the
equation:

RR=(w+5s)/s (2.1)

Where RR = Response ratio
w = time since arrival
s = service time of the process
When the process just arrives to the system, ish@sponse ratio of 1. The response ratio keeps
increasing as the process is waiting in the sysfdma.process with a short service time generally
has its response ratio increasing faster thanwttiata longer service time.

A. Propertiesof HRRN



a. The ready queue is maintained in the order of #€spaonse ratio (Barade and Khande,
2010).

b. The priority of the job is dependent on its estidatun time, and also the amount of time
it has spent waiting in the ready queue (Pattanayak,2012).

B. Advantagesof HRRN

a. It minimizes the average response ratio of eachga®(Niu, 2003)

b. Long jobs eventually get a turn through aging, etreugh short jobs are favoured.

C. Disadvantages of HRRN
a. It fails in responsiveness due to its non-preengptnode (Barade and Khande, 2010)

24 RELATED WORK

Mohanty et al., (2010) adopted an approach of jeséidg the time quantum with every round
robin cycle. This re-adjustment was achieved bdifig the median of all the remaining CPU
bursts of the processes, and setting the time goata this value for the new cycle. When the
DQRRR algorithm was compared to the round robiordtlgm, it gave better average turnaround

and waiting times.

Mohantyet al.(2011) introduced the intelligent time slicing ttie round robin algorithm which
depends on three things: priority, average CPUtbamd context switch avoidance time. The
intelligent time slice of individual processes @ puted by summing up the priority component,
shortness component, context switch componentpagdal time component of the individual
processes. These parameters are arrived at by warmys mathematical computations. Based
on the intelligent time slice arrived at for eactogess, they are assigned to the CPU. The

algorithm was found to be effective for real tinystems.



Beheraet al, (2012) proposed the “Round Robin with Highest go@se Ratio Next for Soft
Real Time Systems”. In this algorithm the time quamis set to the mean of the burst times of
the processes. The ready queue is filled accortdirtige arrival time of the processes. Eligibility
for a particular process to run is determined ygoting the response time of each process and
is calculated using the following formula: Waititigne + Burst time / Burst time. The process
with the highest value is assigned to the CPU. rAdi@ch process runs or after a new process
arrives, the waiting times of all the processetharun queue are updated and used to order the
processes in each RR cycle. When the algorithmosagoared to the DQRRR it was found to
have better performance in terms of average waiimg, turnaround time and context switches.
Nayaket al, (2012) applied another approach to the roundéhralgorithm. They modified the
algorithm and called their work “Improved Round Rolscheduling using Dynamic Time
Quantum”. The research introduced the “optimal tgoantum (OQT)” which is computed as
the mean of the highest burst time and the mediall the CPU bursts of the processes. The
OQT is assigned to each process and is recalcutiatet) the remaining burst time into account
after each cycle, and the procedure is continueil the ready queue is empty. Their goal was
that the OQT made the algorithm give better avetagegaround and waiting times, minimized
context switches, especially when compared withrdlued robin algorithm.

Dawood (2012) proposed an algorithm in which timeetiquantum is computed by finding the
sum of the maximum and minimum CPU bursts of thecgsses in the ready queue, and
multiplying the sum by 80%. This multiplication limsed on the rule of thumb that 80% of the
CPU bursts should be shorter than the time quaniura. processes are assigned to the CPU
based on the computed time quantum, and the remgainirst times are used to compute a new

time quantum for the next round. The algorithm @snd to win on average waiting time,



average turnaround time and context switching wb@mpared to the round robin and some
other variations of it.

Abdullahi (2012) introduced the longest job firggaithm, which performs exactly opposite of
the shortest job first algorithm because it runsgkr jobs first, thereby starving shorter jobs.
However, the starvation problem was solved by cgmip with the combinational burst time
(CBT) model that combines shorter jobs based otaiceconditions, and runs them according to
their burst time lengths. The algorithm not onlyved the starvation problem in the longest job
first algorithm, but also minimized context switagiwhen compared with the classical FCFS,
SJF, Priority, RR and LJF algorithms.

Banerjee et al., (2012) worked on the “Performafealuation of a New Proposed Average Mid
Max Round Robin (AMMRR) Scheduling Algorithm withoRnd Robin Scheduling Algorithm”.

In their work, the processes in the run queue ared according the burst time of the processes
and the time quantum is computed by finding theaye of the sum of the mid and max values.
The mid value is computed by dividing the sum @& thin and max values by two. The TQ is
modified in every RR cycle such that for every eytiiere is a new time quantum and the ready
gueue is constantly reordered with every new prodbat arrives. When the algorithm was
compared with the round robin algorithm, it hadtéetwalues of the average turnaround and
waiting times, and context switches.

Behera and Swain (2012) also worked on “A New PsedoPrecedence Based Round Robin
with Dynamic Time Quantum (PRRDTQ) Scheduling Aigun For Soft Real Time Systems”.
Here, a new factor known as the RR algorithm knasrthe Precedence factor is introduced by
combining the basic factors of the process, whachriority and burst time. The priority factor is

computed by summing up the products of the pricaitg priority ratio and the burst time and



burst ratio respectively. The priority factor isufal by dividing the priority of the process and
the total number of processes. The burst ratiolaityiis computed by finding the quotient of the
burst time of the processes and the summationeobtinst time of the processes. After all these
computations are made, precedence is assigneddaugdo their factors, with those that have
lesser factors getting higher precedence. Sortintgeoprocesses in the ready queue is then done
based on the new precedence and the RR algoritrmppbed with dynamic time quantum,
which is computed by taking the mean of the renmgirburst times. The algorithm had it that
processes with shorter bursts and higher priosgceted first resulting in better turn around and
waiting times when compared with the RR algorithm.

Abdulrahimet al. (2014) proposed an algorithm with two queues fer pinocesses: the arrive
and request queues. When a process arrives, ittgabe arrive queue and from there to the
request queue; from which it is admitted into thHeUC When the first process arrives, it goes
straight to the request queue and is run by the @PUdompletion. Afterwards, subsequent
processes in the queue are sorted in ascending ofdmirsts in the request queue. The time
guantum is set to the median of the burst timethefprocesses. Then the first process in the
request queue is allocated to the CPU for a pesfaghe time quantum. If the remaining burst
time of the process is less than half of the timamum, that process is re-assigned to the CPU,
else the next process in the request queue is. Whieealgorithm was compared to the round
robin algorithm, it was found to win on average twg time, average turnaround time and

number of context switches.



CHAPTER THREE

MINIMIZED PENALTY RATIO VARIANCE ALGORITHM FRAMEWORK

3.1INTRODUCTION

Process scheduling is an important measure offfleeeacy and effectiveness of an operating
system (Neetu and Garg, 2012), especially sincegbats responsibility is to control allocation

of system resources to processes; of which the GRUpart.

In the research, an algorithm that minimizes theawae of the penalty ratio of the processes is
proposed. This is especially important since theajig ratio is individualistic for processes, and
minimizing the variance of this value brings abgetvice timeliness in the system. In other
words, from the user’s point of view, a minimizeariance in the penalty ratio- which results in
a more stable turnaround time- maybe more desitable a minimized mean penalty ratio value
which may vary greatly from user to user. Using ithean values of various scheduling criteria
as a measure of system performance may not bdtihmaie since these mean values in the real
sense are not experienced by any particular usstedd, they are experienced by a “virtual” user
whose demand distribution is the same as the dem@tribution presented by the whole user
population (Jiang and Vaidyd998). Therefore, these mean vales of the perfocea&riteria
may not be optimal for a particular process/jolthi@ system. It may be more desirable to study
how these performance criteria of a schedulingrélyn fare on a process level than how the
general performance of the algorithm is- which isatvis achieved when the mean values are

computed and evaluated.



3.2 APPROACH OF THE MODEL

For this research, the ratio of the sum of thethimee of all the processes in the system and the
service time of the process to the largest bursbisputed. This will be called the target penalty
ratio. Every process in the system will be runuclsa way as to make their respective penalty
ratio values either to be the same as this targletevor to fall within a low range from this target
value. To say it in mathematical terms, the vagaotthe penalty ratio becomes smaller. The
algorithm takes some cue from the existing classscheduling algorithms; such as time
guantum from the round robin algorithm, sortingpobcesses according to burst time from the
shortest job first algorithm, and running jobs witie same burst time according to which
precedes the other from the first come, first sgrakgorithm. The time quantum of the MPRV
algorithm will be set to the median of the senioee of all the processes. This ensures that up
to half of the processes are run in the first cyaled therefore minimizes the gruesome effect

context switching especially since it is a preengscheduling algorithm.

Long processes are penalized in almost every CHig¢dsding algorithm. Therefore, this
problem of starvation of long processes is sougtie solved by using them to “fill in” for the
expected waiting times of the shorter processes. ifiiplies that longer jobs make progress and
shorter jobs with bursts lesser than the time quanéxecute completely once they have been

given control of the CPU. Fig 4.1 shows the architee of the algorithm.
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Fig 3.1 Architecture of the Algorithm

3.3THE MINIMIZED PENALTY RATIO VARIANCE ALGORITHM (MPRYV)

Consider a job pool N as a set containing variowggsses X with distinct burst timésfor

each. There also existsas a phase of process execution.

N = {X1, X, X3,..., %} with burst-times),, d,, Js,...,0n for everyd; associated witlx; ato.

The algorithm requires the median value of the iser¢burst) times so as to set it the time
guantum of the algorithm. It is therefore of nedgs® order the processes according to their

burst times to make it easy to evaluate. This rsedat theé\.; phase of execution.

At ), the Target Penalty Ratio (TPR) of the proceskesgawith the Expected Turnaround Time

(ETAT) and Expected Waiting Time (EWT) are compufEdey are calculated as follows:

BT
LBT

TPR = (3.1)



ETAT(P) = ROUND (TPR*BT(R) (3.2)

EWT(R) = ETAT(R,) — BT(R) (3.3)

Where

BT : burst time of processes

LBT : longest burst time

BT(P,) : burst time of process P

ETAT(P,) : expected turnaround time of process P

EWT(P,) : expected waiting time of process P

On completion of the phageg, the algorithm then admits processes into CPU.

3.3.1 The proposed model

The order which the algorithm follows is:

Let X0, be a processX with id number 4) with its burst timed)):

a. Submit processes to pool Niat

b. Sort all processes according to ascending ordeuidt times. Set the time quantum (TQ)
to the median value of their burst times.at

c. Determine Target Penalty Ratio for all processes.

d. For each processes<PP, < P,, compute the values of Expected Turnaround Tinge an

Expected Waiting Time ab.

e. If EWT(P;)— Runtime (RTx O run R, else run longest remaining burst first (LRBF).



f. Preemption of the LRB is on two conditions:
i. when RT =TQ ; after which the next LRB runs, or
ii. when RT = EWTR, after which R runs.

g. Do (e) and (f) while processes are in the readygue

3.3.2 MPRYV algorithm

a Start
b Sort all processes according to ascending oifdeurgt times.
c Set the time quantum (TQ) to the median valuthef burst times.

d Target Penalty Ratio (TPR)XBurst time of processes (BT(jp/Longest Burst Time.

e Set Runtime (RT) =0

f For each processes<PP, < P,

I. Expected Turnaround Time (ETAT(jp= BT(P.)* TPR

ii. Expected Waiting Time (EWT()) = ETAT - BT(R).

g For each Process;<PP, < P,:if EWT(P;) - RT < 0 run R else run longest remaining

burst(LRB) until RT(LRB) = TQ or EWT(H—-RT =0

h If RT(LRB) = TQ, run next LRB, else If EWT(P- RT =0, run P

i While ProcessIinReadyQueue > =1 loop g and h

] Compute Average TAT, WT, PR and variance of PR.

k Stop



The flowchart of the proposed model is as showrign3.2



3.2.3FLOWCHART OF THE PROPOSED MODEL
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Fig 3.2: MPRV Flowchart



CHAPTER FOUR

IMPLEMENTATION AND TEST OF THE MINIMIZED PENALTY RATIO
VARIANCE ALGORITHM

4.1 INTRODUCTION

Different cases of implementation of the MPRV modele tested after the model was designed
in PHP to create an interface where processesrdezed and the ranges of burst times are
specified in order to simulate the mode of operatibthe algorithm. Then the sample results are
analyzed and compared with the results obtainedn fithe popular existing scheduling
algorithms.

4.2 CASE ASSUMPTION

In a multiprocessing environment, processes oferbfit characteristics are submitted to the
CPU, this research assumed a system comprisin@-@RQ@0 processes to be assigned the CPU
based on the MPRV model. The identification of epabcess was generated and assigned as a
sequence of processes, while burst times were nalydyenerated.

It was also assumed that the processes did notdrgv#O demands; hence only the burst times
of the process in the computation of the averagalpe ratio and penalty ratio variance was
required and used.

43 SYSTEM REQUIREMENTS

4.3.1 Notepad ++

Notepad++ is a free source code editor and Notegaldcement that supports several languages.
Running in the MS Windows environment, its use asegned by GPL License. Based on the
powerful editing component Scintilla, Notepad++wigtten in C++ and uses pure Win 32 API

and STL which ensures a higher execution speediaatler program size.



4.3.2 PHP Language

PHP stands for the acronym PHP: Hypertext Prepsocest started out as a set of tools for

doing web-related tasks, and did nothing more thack visits to a particular web page. It was

then expanded to interact with databases, as weglt@ide a tool set for online guest books and
HTML form processing. Its ability to easily intetagith databases such as MySQL remains one
of its most attractive features (Brett, 2012)slailoosely-typed object oriented language.

4.3.3 Simulation System specifications

a. Processor speed: 2.10 GHz

b. Installed Memory (RAM): 4.00GB

c. System type: 64-bit Operating system

d. Hard disk size: 219GB

4.4 SIMULATION FRAMEWORK

The frame work will present different cases of glegmerated processes in chunks and groups for
evaluation and comparisons of different resultsamigtd. Each case shall present the processes
involved, and compute the waiting time, turnaroutitie and their respective averages.
Additionally, the variance of the penalty ratio was will also be computed. All these would be
considered as the performance metrics of the algoriBy following all steps of the proposed
MPRYV framework in Chapter Three, results will bdlated and compared to the round robin

algorithms.

4.4.1 Processes Case 1
From the results of the generated processes, egses are presented in Table 4.1:

Table 4.1: Processes in the Ready Quelg at



P1=61 P2 =48 P3=8 P4 =56 P5 =64

P6 =40 P7=21 P8 =15 PO =76 P10 = 88

In Table 4.2, the generated processes are sortedditng to ascending order of their respective
burst times.

Table 4.2: Processes Sorted in Ascending Ordef @i Set to Median value &t

P3=8 P8 =15 P7=21 P6 =40 P2 =48

P4 =56 P1=61 P5 =64 P9 =76 P5= 88

TQ = median = 52
At A, the target penalty ratio which is the ratio of sum of the burst times to the largest burst
time is computed. That is,

Target Penalty Ratio (TPR)xBT / LBT
=477/88=5.42

Computations are done for the expected turnaroimd (ETAT) and expected waiting time
(EWT) for each process. ETAT was done by finding fioduct of the TPR and BTRvhile
EWT was done by finding the arithmetic differenetviieen ETAT and BTfas explained in the

previous chapter. The resulting values are showalle 4.3.

Table 4.3: Values for ETAT and EWT computed.at



Process Burst time| Expected Turnaround Time (EW[T) xpeEted Waiting time (EWT)
P1 5 43 35
P9 8 81 66
P4 13 114 93
P3 32 217 177
P10 42 260 212
P2 50 304 248
P8 58 331 270
P7 60 347 283
P6 84 412 336
P5 96 477 389

The criterion for the eligibility of a process te bdmitted into the CPU atis that EWT — R

0.

45 EXPERIMENT CASE ALONGSIDE ROUND ROBIN ALGORITHMS

To experiment the arguments of this research, b@gzses shall be randomly generated, all of
which shall have distinct identification and alfiging at time zero. The 10 generated processes
are shown in Table 4.4. Thereafter, the evaluasioall be tested alongside the Round Robin
(RR) category of algorithms namely; classical Rouabin (RR), Dynamic Quantum Re-
adjusted Round Robin (DQRRR), Improved Round RdtiRR) and New Improved Round
Robin (NIRR) algorithms.

Table 4.4: Process Snapshot of 10 Randomly GenePateesses



Process Burst time
P1 94
P2 9
P3 12
P4 93
P5 27
P6 59
P7 67
P8 49
P9 2
P10 83

4.5.1 Classical Round Robin (RR)

The Round Robin scheduling algorithm provides trexmanism for scheduling in cyclic order
using a metric measure referred to as quanithrs is usually specified by the system designer
(Abdullahi, 2012). The downside of this algorithsnthat if the time quantum is too small, it
results in too many context switches, and if tbig large, then the algorithm runs just like FCFS.

Fig 4.1 represents a generated Gantt chart fordimed robin algorithm with a time quantum of

25.
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Fig 4.1: RR Gantt Chart

RR:

Turnaround time (TAT) = Overall time a process dperthe system
= Time of Process completion
Average Turnaround time (ATAT) = Sum of each proddsT / Total number of processes
Therefore, TAT in the system will be:
P1: 469, P2: 34, P3: 46, P4: 487, P5: 250, P6: R08425, P8: 324, P9: 173, P10: 495.
ATAT = (469 + 34 + 46 + 487 + 250 + 408 + 425 + 324173 + 495) / 10
=3111/10
=311.1
Waiting time (WT) = TAT — Burst Time
Average Waiting time (AWT) = Sum of all Processitifig Times / Total numbers of Processes
P1: (469 - 94) = 375, P2: (34 - 9) = 25, P3: (4&) = 34, P4: (487 - 93) = 394, P5: (250 - 27) =
223, P6: (408 - 59) = 349, P7: (425 - 67) = 358, (B84 - 49) = 275, P9: (173 - 2) = 171, P10:
(495 - 83) = 412.
AWT = (375 + 25 + 34 + 394 + 223 + 349 + 358 + 2745171 + 412) / 10
=2616/10
=261.6

Penalty Ratio (PR) = Turnaround time / Burst time

Average PR (APR) = Sum of PR of each process / auailprocesses



Variance of PR (PRV) = (Sum of squares of the P&oh process /number of processes) — APR
Penalty ratio of the respective processes will thertomputed thus:

P1: (469 / 94) = 4.99, P2: (34 / 9) = 3.78, P3: (4@) = 3.83, P4: (487 / 93) = 5.24, P5; (250 /
27) = 9.26, P6: (408 / 59) = 6.92, P7: (425 / 67.34, P8: (324 / 49) = 6.61, P9: (173 / 2) =

86.5, P10: (495 / 83) = 5.96.

APR =(4.99+ 3.78 +3.83 +5.24 + 9.26 + 6.92 + .3 6.61 + 86.5 + 5.96) / 10

=139.4/10

=13.940
PRV = ((4.99+ 3.78 + 3.83 + 5.24 + 9.26 + 6.92 +3. + 6.61 + 86.5 + 5.96)/ 10) — 13.94

= (781.6608 / 10) — 194.3236 = 781.660894.B236

= 587.337
4.5.2 Dynamic Quantum Re-adjusted Round Robin (DQRRR)
Here, the ready queue is sorted in a special way:ptocess highest remaining burst always
comes after that with the least remaining burster@hfter, the processes are assigned a time
guantum which is the median of the remaining burfigure 4.2 shows the Gantt chart

representation.

0 40 O 39 0 29 13 0 5 11 10 00 0 0 0

Po | PL| P2| P4 | P3| Po|Ps|P7 [PB|P6|PL|Ps |PO|P7|P6 |PL | P4

0 2 56 65 119 131 185 21266 315 369 398 427 456 469 4485 495

Fig 4.2: DQRRR Gantt Chart
For these set of data, the time quantum valuesdoh cycle are 54, 29, 11 respectively.
DQRRR:

Turnaround time (TAT) = Overall time a process gparthe system



= Time of Process completion
Average Turnaround time (ATAT) = Sum of each pred&sTl / Total number of processes
Therefore, TAT in the system will be:
P1: 485, P2: 65, P3: 131, P4: 495, P5: 212, PG: 74469, P8: 315, P9: 2, P10: 456.
ATAT = (485 + 65 + 131 + 495 + 212 + 474 + 469 + B¥ 2 + 456) / 10
=3104 /10
=3104
Waiting time (WT) = TAT — Burst Time
Average Waiting time (AWT) = Sum of all Processitif@ Times / Total numbers of Processes
P1: (485 - 94) = 391, P2: (65 - 9) = 56, P3: (13R) = 119, P4: (495 - 93) = 402, P5: (212 - 27)
=185, P6: (474 - 59) = 415, P7: (469 - 67) = 402, (315 - 49) = 266, P9: (2 - 2) = 0, P10: (456
- 83) = 373.
AWT = (391 + 56 + 119 + 334 + 185 + 415 + 402 + 2260 + 373) / 10
=2569/10
=256.9

Penalty Ratio (PR) = Turnaround time / Burst time

Average PR (APR) = Sum of PR of each process / auailprocesses

Variance of PR (PRV) = (Sum of squares of the P&aoh process /number of processes) — APR

Penalty ratio of the respective processes will thertomputed thus:

P1: (485 /94) = 5.15, P2: (69 / 9) = 7.22, P31(132) = 10.92, P4: (495 / 93) = 5.32, P5: (212 /
27) = 7.85, P6: (474 / 59) = 8.03, P7: (469 / 67) B8: (315 / 49) = 6.43, P9: (2/2) = 1, P10:

(456 / 83) = 5.49.



APR =(5.15+7.22 +10.92 + 459 + 7.85 + 8.03 +76.43 + 1 + 5.49) / 10

=63.68/10

= 6.368
PRV = ((5.15 + 7.22 + 10.92 + 4.59 + 7.85 + 8.037+ 6.43 + 1 + 5.493/ 10) — 6.37

= (466.5538 / 10) — 40.5769

= 46.65538 — 40.5769

=6.078
4.5.3 Improved Round Robin (IRR)
This is a variation of the round robin algorithrmer, the processes in the ready queue are sorted
in ascending order and the time quantum is comphyedividing the sum of the median and
highest remaining burst by two in every cycle. Fegg4.3 shows the Gantt chart representation of
the IRR algorithm.

0 0 0 0 00 0 9 19 20 O 0 0

P9 | P2 | P3 | P5 | P8 P6 | P7 | P10 | P4 | P1 | P10 | P4 | P9

0 2 11 23 50 9958 225 299 373 447 4565 495
Fig 4.3: IRR Gantt Chart

For these set of data, the time quantum valuesdoh cycle are 74, 20 respectively.
IRR:
Turnaround time (TAT) = Overall time a process gparthe system
= Time of Process completion
Average Turnaround time (ATAT) = Sum of each pre®d&sTl / Total number of processes
Therefore, TAT in the system will be:
P1: 495, P2: 11, P3: 23, P4: 373, P5: 50, P6: B38225, P8: 99, P9: 2, P10: 299.
ATAT = (495 + 11 + 23+ 373 +50 + 158 + 225 + 992+ 299) / 10

=1735/10



=173.5
Waiting time (WT) = TAT — Burst Time
Average Waiting time (AWT) = Sum of all Processitif@ Times / Total numbers of Processes
P1: (495 - 94) = 401, P2: (11 - 9) = 2, P3: (22) £ 11, P4: (373 - 93) = 280, P5: (50 - 27) = 23,
P6: (158 - 59) = 99, P7: (225 - 67) = 158, P8:{99) = 50, P9: (2 - 2) = 0, P10: (99 - 83) = 16.
AWT =(401+2+11+280+23+99+158+50+0©16)/10

=1040/10

=104.0

Penalty Ratio (PR) = Turnaround time / Burst time

Average PR (APR) = Sum of PR of each process / auailprocesses

Variance of PR (PRV) = (Sum of squares of the P&aoh process /number of processes) — APR
Penalty ratio of the respective processes will thertomputed thus:

P1: (495 /94) = 5.27, P2: (11/9) = 1.22, P3:/(23) = 1.92, P4: (373 / 93) = 4.01, P5: (50 / 27)
= 1.85, P6: (158 / 59) = 2.68, P7: (225 / 67) =3R8: (99 / 49) = 2.02, P9: (2/2) = 1, P10: (99 /

83) = 1.19.

APR=(527+1.22+1.92+4.01+1.85+268+38.+2.02+1+1.19)/10
= 63.68 /10
= 6.368
PRV = ((5.15 + 7.22 + 10.92 + 4.59 + 7.85 + 8.037+ 6.43 + 1 + 5.49j/ 10) — 6.37
= (466.5538 / 10) — 40.5769
= 46.65538 — 40.5769

=6.078



4.5.4 New Improved Round Robin (NIRR)

This algorithm here has it that the first procasssrto completion. Subsequent processes are
ordered in ascending order of bursts. The time muans set to the mean of the burst time of
processes. The processes are preempted afteruhepmr on time quantum. If the remaining
burst time is less than half of the time quantunsg reassigned to the CPU, else the next process

is run. Figure 4.4 depicts the Gantt chart repriedem.

0O O 0 0 0 4 12 38 48 0 0 03123 O 5 0
PL| P9l P2| P3| P5|P8| Pe| P7| PlO| Pa| P8 |P6| P7|PlO| PafPL|P4]|Pa

0 94 96 105 117 144 189 23492324 369 373 387 409 434 4392 490495

Fig 4.4: NIRR Gantt Chart
For these set of data, the time quantum valuesdoh cycle are 45, 25, 18 respectively.
NIRR:
Turnaround time (TAT) = Overall time a process dperthe system
= Time of Process completi

Average Turnaround time (ATAT) = Sum of each proddsT / Total number of processes
Therefore, TAT in the system will be:
P1: 94, P2: 105, P3: 117, P4: 495, P5: 144, P6:B87409, P8: 373, P9: 96, P10: 472.
ATAT =(94 + 105 + 117 + 495 + 144 + 387 + 409 + 34 96 + 472) / 10

=2692/10

=269.2
Waiting time (WT) = TAT — Burst Time

Average Waiting time (AWT) = Sum of all Processitifg Times / Total numbers of Processes



P1: (94 - 94) = 0, P2: (105 - 9) = 96, P3: (112) 4 105, P4: (495 - 93) = 402, P5: (144 - 27) =
117, P6: (387 - 59) = 328, P7: (409 - 67) = 342, 883 - 49) = 324, P9: (96 - 2) = 94, P10:
(472 - 83) = 389.
AWT = (0 +96 + 105 + 402 + 117 + 328 + 342 + 32494 + 389) / 10

=2197/10

=219.7

Penalty Ratio (PR) = Turnaround time / Burst time

Average PR (APR) = Sum of PR of each process / auailprocesses

Variance of PR (PRV) = (Sum of squares of the P&aoh process /number of processes) — APR
Penalty ratio of the respective processes will thertomputed thus:

P1: (94 /94) = 1, P2: (105 / 9) = 11.67, P3: (112) = 9.75, P4: (495 / 93) = 5.32, P5: (144 /
27) = 5.33, P6: (387 / 59) = 6.56, P7: (409 / 68)18, P8: (373 / 49) = 7.61, P9: (96 / 2) = 48,

P10: (472 / 83) = 5.69.

APR=(1+11.67+9.75+5.32 +5.33 + 6.56 + 6.%07.61 + 48 + 5.69) / 10
=107.03/ 10
=10.703

PRV = ((1 + 11.67 + 9.75 + 5.32 + 5.33 + 6.56 + .} 7.61 + 48 + 5.69)/ 10) — 10.703
= (2763.495 / 10) — 114.554209
= 276.3495 — 114.554209
= 161.795

4.5.5 Minimized Penalty Ratio Variance Algorithm (MPRV)



This is the research algorithm contributed to tleédfof operating systems. Its pseudocode has
been clearly defined in the previous chapter. Arsitation of how the algorithm works will be
clearly outlined in this chapter and its resultdl Wwe compared with those of already existing
algorithms. Therefore, running the algorithm acaagdo the steps in the pseudocode, still using

the same values in Table 4.4 gives us the following

Table 4.5: Processes Sorted in Increasing Ord8uddt Time, with their respective EWTs and

ETATs
Procesg Burst time Expected Waiting Time | Expected Turnaround Time
(EWT) (ETAT)
P9 2 9 11
P2 9 38 47
P3 12 51 63
P5 27 115 142
P8 49 209 258
P6 59 252 311
P7 67 296 353
P10 83 354 437
P4 93 397 490
P1 94 401 495




TQ = median = 54
The eligibility for any process to run is basedibthe expected waiting time of that process is

reached or exceeded. A gantt chart based on valUeble 4.5 is generated in Fig 4.5.

85 0 66 0 8 0 13 0 27 5 0 00 0 0 O
P1| Po| P4 P2| P1| P3 | P10|P5 | P1| P7| P8 | P6 [P7 | P10| P4| P1

0 9 11 38 47 51 63115 142 196 209 258 317 37402 468 495
Fig 4.5: MPRV Gantt Chart

MPRV:

Waiting time (WT) = TAT — Burst Time
Average Waiting time (AWT) = Sum of all Processitifg Times / Total numbers of Processes
P1: (469 - 94) = 375, P2: (34 - 9) = 25, P3: (4&) = 34, P4: (487 - 93) = 394, P5: (250 - 27) =
223, P6: (408 - 59) = 349, P7: (425 - 67) = 358, (B84 - 49) = 275, P9: (173 - 2) = 171, P10:
(495 - 83) = 412.
AWT = (375 + 25 + 34 + 394 + 223 + 349 + 358 + 2745171 + 412) / 10

=2616/10

=261.6
Turnaround time (TAT) = Overall time a process dperthe system

= Time of Process completion — Arrival Time

Average Turnaround time (ATAT) = Sum of each proddsT / Total number of processes

Therefore, TAT in the system will be:



P1: (495 - 0) = 495, P2: (46 - 0) = 46, P3: (63 =®3, P4: (468 - 0) = 468, P5: (142 - 0) = 142,
P6: (317 - 0) = 317, P7: (371 - 0) = 371, P8: (288 = 258, P9: (11 - 0) = 11, P10: (402 - 0) =
402.
ATAT = (495 + 46 + 63 + 468 + 142 + 317 + 371 + 25811 + 402) / 10

=2573 /10

=257.3

Penalty Ratio (PR) = Turnaround time / Burst time

Average PR (APR) = Sum of PR of each process / auailprocesses

Variance of PR (PRV) = (Sum of squares of the P&aoh process /number of processes) — APR
Penalty ratio of the respective processes will thertomputed thus:

P1: (495 / 94) = 5.27, P2: (47 / 9) = 5.22, P3: (@2) = 5.25, P4: (468 / 93) = 5.03, P5: (142 /
27) = 5.26, P6: (317 / 59) = 5.37, P7: (371 / 6B.54, P8: (258 / 49) = 5.27, P9: (11/2) = 5.5,

P10: (402 / 83) = 4.84.

APR = (5.27 +5.22 +5.25 +5.03 + 5.26 + 5.37 +8.+ 5.27 + 5.5 + 4.84) / 10
=52.6/10
=5.26

PRV = ((5.27 + 5.22 + 5.25 + 5.03 + 5.26 + 5.37 +58 + 5.27 + 5.5 + 4.84)/ 10) — 5.26
= (276.5293/ 10) — 27.6676
= 27.70551 — 27.6676
= 0.03791

4.6 RESULTSDISCUSSION AND CONCLUSION



From our comparison with these round robin categunalgorithms (RR, IRR, DQRR and
NIRR), it has shown that the variance of the pgn@dtio has been effectively minimized in all
cases. As far as our simulations are concernethas not have better context switches when
compared especially when the processes are feweas. important to note that the context
switching of the RR algorithm depends on the valithe time quantum.

The IRR and NIRR algorithms generally proved tdb#er in Average Waiting Time, Average
Turnaround Time, and Average Penalty Ratio whenpayed with the MPRV. This is because
processes are run in ascending order of burst timinese algorithms.

The simulations were run for 10 to 5000 processeéstlae burst time range was 1-100.

Tables 4.6 to 4.10 show the average waiting timmgsrage turnaround times, average penalty
ratio, penalty ratio variance, and context switghualues for the respective algorithms. Figs 4.6
to 4.10 show the graphical representations of #iees obtained in the tables.

Table 4.6: Average Waiting Time Results Obtained

Number of

RR IRR DORRR NIRR MPRV
Processes
10 301.72 174.76 275.27 171.19 248.13
20 632.63 360.25 595.88 354.79 510.86
50 1629.08 934.88 1557.97 902.78 1299.48
100 3089.55 2011.78 3283.92 1868.92 2731.88
200 5032.03 3368.20 5027.55 6696.90 5246.63
500 16846.69 9644.46 16348.73 9288.43 13688.99
1000 32724.59 18656.86 31797.69 18046.9 28318
2000 67221.58 38297.97 65034.69 36926.3 585889.
5000 166098.6 96232.43 161247.3 92095.3 1R633
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Fig 4.6: Graphical Representation of the AveragetMaTime
Table 4.6 shows the overall result of the AveragaitiWg Time values, while figure 4.6
represents those values graphically. From therg,abserved that the IRR and NIRR algorithms
give best values. The simulations were run 100dilmefore the results were obtained. For each

round of simulation, the same set of data was byell of the scheduling algorithms. The range

of the burst times is 1 to 100.

Table 4.7: Average Turnaround Time Results Obtained

Number of| RR IRR DORRR NIRR MPRV
Processes | (TQ = 25)

10 352.62 225.67 326.17 222.09 299.04

20 682.93 410.55 646.18 405.09 561.16
50 1679.39 985.19 1608.27 953.08 1349.78
100 3269.65 1876.62 3165.13 1813.31 2574.34
200 3861.21 3861.21 6459.33 3717.14 5251.83
500 16897.52 9695.28 16399.55 9339.26 13739.872
1000 32774.36 18706.63 31847.46 18096.72 26868
2000 67272.11 38348.5 65085.2 36976.83 55840.4
5000 166148.9 96282.79 161297.6 92145.69 188238
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Figure 4.7: Graphical Representation of the Averagmaround Time
Table 4.7 shows the overall result of the Averagen@iround Time values while Fig 4.7
represents those values graphically. From thdeedbserved that the IRR and NIRR algorithms
gave best values and RR gave the worst values.sibhelations were run 100 times for the
results above to be obtained.
Table 4.8 shows the overall result of the Averagediy Ratio values, while Fig 4.8 represents
those values graphically. IRR generally performstbe

Table 4.8: Average Penalty Ratio Results Obtained

Number ofl RR IRR DOQRRR NIRR MPRV
Processes | (TQ = 25)

10 135.89723 | 3.20964 5.73684 41.35277 | 0.26008

20 575.91842 | 12.67234 18.2213 39.57906 0.5369
50 4222.68003 82.15847 67.41188 68.55054 1.64951
100 23787.3682 325.7636 213.5834 237.77138 3.65639
200 82530.0877 1322.977 680.2238 991.581211 9.79968
500 474427.905 8420.836 3396.449 6876.4558  147.4377
1000 2171564.0131713.36 13437.33 26361.201 748.96844
2000 8123076.97 134063.0 46723.15 113990.51 4361.2102
5000 64887866.9841599.4 324987.8 700368.7F7 22781.663
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Table 4.9: Penalty Ratio Variance Results Obtained
Number ofl RR IRR DQRRR NIRR MPRV
Processes | (TQ = 25)
10 135.89723 | 3.20964 5.73684 41.35277 | 0.26008
20 575.91842 | 12.67234 18.2213 39.57906 0.5369
50 4222.68003 82.15847 67.41188 68.55054 1.64951
100 23787.3682 325.7636 213.5834 237.77138 3.65639
200 82530.0877 1322.977 680.2238 991.5812L 9.79968
500 474427.90% 8420.836 3396.449 6876.4558 147.4377
1000 2171564.0131713.36 13437.33 26361.20L 748.96844
2000 8123076.97 134063.0 46723.15 113990.51 4361.2102
5000 64887866.9841599.4 324987.8 700368.77 22781.663

Table 4.9 gives us values of the penalty ratioarare that were obtained from the simulations

run for the different CPU scheduling algorithms.
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Fig 4.9: Graphical Representation of the PenaltyoRzariance
Fig 4.9 shows that the proposed algorithm perfobrast in minimizing the variance of the

penalty ratio. The y-axis of the graph was scabg@itithmically.

Table 4.10: Context Switching Results Obtained

Number ofl RR IRR DOQRRR NIRR MPRV
Processes | (TQ = 25)

10 24 13 18 11 14

20 50 25 37 24 28

50 125 65 95 61 70
100 251 130 192 124 136
200 506 262 386 249 266
500 1276 654 962 622 589
1000 2508 1299 1937 1245 1098
2000 5092 2608 3823 2491 2110
5000 12660 6636 9577 6259 5137
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Fig 4.10: Graphical Representation of the Contexitc®ing Values
Table 4.10 gives us a tabular representation ofcthreext switching values for the processes.
From Fig 4.10, it is inferred that the algorithnsds on context switching especially when

compared with IRR and NIRR when there are fewecgsees.



CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 INTRODUCTION

Process scheduling is a good indicator of how aelbperating system performs. The choice of
scheduling algorithm is therefore necessary eslheas it concerns what the algorithm seeks to
achieve in the course of process scheduling. Bhghiat designers take into consideration while

developing and implementing a process scheduligorihm.

5.2 SUMMARY

The objective of the thesis was to design a scleedbbt takes into cognizance the penalty ratio
of the processes and seeks to minimize its variaBiree the penalty ratio is a factor of the
turnaround time, by so doing, a regulated and stersi pattern in the turnaround time values is
achieved. The algorithm was developed and PHP anogring was used to implement and
simulate the algorithm by testing with differentcacrences. In the program interface, the user
specifies the number of processes, the range dfutst time, the value of the time quantum (for
RR scheduling algorithm) and also selects the #lguofs) he or she desires to run or to compare
especially as it concerns the variance of the pematio. There are also three output tables
available: the tables showing detailed resultstha respective scheduling algorithms of the
user’s choice, the averages showing a table tlsptalis the average of a number of runs and the
summary table, which compresses the detailed tandsshows the highlights of the simulation

results at a glance.

The MPRYV algorithm proposed in this research ermges longer jobs to make progress (as seen

in the pseudocode presented in chapter three a@ahtt charts drawn in chapter four) thereby



minimizing their starvation. It also generally haslrawback of worse waiting and turnaround
time values especially when short processes arératror there are fewer processes or the burst
time range is small. The algorithm also has corgeuttching problems especially when there are
few processes in the system. However, it was de@al after repeated simulations that the
proposed MPRYV algorithm can compete reasonably wiitler classical scheduling algorithms
especially when there are very many processeseirsygtem and the burst time range is very

large.

5.3 CONCLUSION

The research has answered the questions it setooirt chapter one. A framework that
minimizes the variance of the penalty ratio hamb#®veloped and implemented. The algorithm

was designed with an overall aim to ensure setuiceliness.

5.4 FUTURE WORK

The following areas can be considered for futurekves far as this research is concerned:

a. Atest of the MPRV algorithm using various arritiahes.
b. An alternative way of computing the value of targenalty ratio different from the one
used in the research.

c. Other conditions for preemption in the algorithm.
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APPENDI X
PHP Sour ce codesfor the MPRV Algorithm

<?php
//Generic functions used
function generateRandomBurstTimesSorted($Numbe@tses, $Range)
{

$temp = array();

for ($i = 0; $i < $NumberOfProcesses; $i++) {

$temp[$i] = mt_rand(1, $Range);
}
sort($temp);

return $temp;

function generateRandomBurstTimes($NumberOfProse$stange){
$temp = array();
for ($i = 0; $i < $NumberOfProcesses; $i++) {
$temp[$i] = mt_rand(1, $Range);
}

return $temp;

function sortGeneratedRandomBurstTimes($generatestiBmes){
sort($generatedBurstTimes);

return $generatedBurstTimes;



function generateShuffledPriorities($NumberOfPreesy{
$numbers = range(1, $NumberOfProcesses);
shuffle($numbers);

return $numbers;

function getMedianForSortedArray($data)
{
$middle = round(count($data) / 2);

$median = $data[$middle - 1]; //handles oddysr

if (count($data) % 2 == 0) {
$median = ($data[$middle] + $data[$middig)-/ 2;
}

return $median;

function getBTlessThanTQUnprocessed($a, $numPHads){
$b = array();
for($i = 0; $i < $numProcs; $i++){
if(($a[$i]->IsProcessed == FALSE) && ($aJ$tTempBurstTime <= $0TQ)){
$b[3$i] = $a[$i]->TempBurstTime;



}

return $b;

function getHBTIndex($a, $numProcs){
$j = 0; //highest BT index
$k = 0; //highest BT
for (3| = 0; $I < $numProcs; $I++) {
if($a[$l]->IsProcessed == FALSE){
if($a[$l]->TempBurstTime >= $k){
$k = $a[$l]->TempBurstTime;

$j = $I;

return $j;

function getHBTValue($a, $numProcs){
$j = 0; //highest BT index
$k = 0; //highest BT
for ($1 = 0; $l < $numProcs; $l++) {

if($a[$l]->IsProcessed == FALSE){



if($a[$l]->TempBurstTime >= $k){
$k = $a[$l]->TempBurstTime;

$j = $I;

return $k;

function getLBTIndex($a, $numProcs){
$j = null;

$k = null; //lowest BT

/linit lowest BT index and value with first edent in array that's unprocessed
for ($m = 0; $m < $numProcs; $m++) {
if($a[$m]->IsProcessed == FALSE){
$j = $m;

$k = $a[$m]->TempBurstTime;

for (3| = 0; $I < $numProcs; $I++) {
if($a[$l]->IsProcessed == FALSE){

if($a[$l]->TempBurstTime < $k){



$k = $a[$l]->TempBurstTime;

$ =9I,

return $j;

function getLBTValue($a, $numProcs){
$j = null;

$k = null; //lowest BT

/linit lowest BT index and value with first edent in array that's unprocessed
for ($m = 0; $m < $numProcs; $m++) {
if($a[$m]->IsProcessed == FALSE){
$j = $m;

$k = $a[$m]->TempBurstTime;

for (3| = 0; $I < $numProcs; $I++) {
if($a[$l]->IsProcessed == FALSE){
if($a[$l]->TempBurstTime < $k){

$k = $a[$l]->TempBurstTime;



$ =9I,

return $k;

function getHPIndex($a, $numProcs){
$j = 0; //highest Priority index
$k = 0; //highest Priority value
for (3| = 0; $I < $numProcs; $I++) {
if($a[$l]->IsProcessed == false){
if($a[$l]->AssignedPriority > $k){
$k = $a[$l]->AssignedPriority;
$j =3I,

return $j;

function processCondition1($OnyinyesDataArray, $i&§runtime, $HBTIndex, $z)
{



//set processed to true

$0OnyinyesDataArray[$key]->IsProcessed = TRUE;

//Run time += EWT - Run Time

$runtime += ($OnyinyesDataArray[$key]->TempEWSruntime);

//Set Waiting Time = Run Time

$OnyinyesDataArray[$key]->WaitingTime = $runém

/ISet TAT to Run Time + BT

$OnyinyesDataArray[$key]->TurnAroundTime = (fitime + $OnyinyesDataArray[$key]-
>TempBurstTime);

/[HBT -= EWT - Run Time
if ($OnyinyesDataArray[$key]->TempEWT - $rumie) <= 0) {

$O0nyinyesDataArray[$HBTIndex]->TempBurst&r= $OnyinyesDataArray[$key]-
>TempEWT;

} else {

$0OnyinyesDataArray[$HBTIndex]->TempBurst &+ ($OnyinyesDataArray[$key]-
>TempEWT - $runtime);

}

//IRun Time += BT

$runtime += $OnyinyesDataArray[$key]->TempBiiste;

echo $z . ' done<br/>";



?>

Common fields:
<?php
//[COMMON BITS
/Il 1. Process

/l 2. Burst Times

/[Declare Arrays to hold data for various Algorithm
$FirstComeFirstServedDataArray = array();
$RoundRobinDataArray = array();
$OnyinyesDataArray = array();

$SJIFDataArray = array();

$LIFDataArray = array();

$PriorityDataArray = array();

/limportant variables
$cumulativeWaitingTime = 0;

$cummulativeTurnAroundTime = 0O;

/IGenerate random Burst Times

$randomBurstTimes = generateRandomBurstTimes($Nt@iPeocesses, $Range);



/ISorted burst times

$randomSortedBurstTimes = sortGeneratedRandomBuores[$randomBurstTimes);

$shuffledPriorities = generateShuffledPriorities(®hberOfProcesses);

for ($i = 0; $i < SNumberOfProcesses; $i++) {

//[For Round Robin Algorithm

$t = new tableRow();

$t->1d = $i + 1;

$t->ProcessName = "P" . ($i + 1);
$t->BurstTime = $randomBurstTimes[$i];
$t->IsProcessed = false;
$t->TempBurstTime = $t->BurstTime;
$t->WaitingTime = 0;
$t->TurnAroundTime = O;
$t->PenaltyRatio = ",

$t->HasOverFlow = false;
$t->NumberOfOverflows = O;

$t->OverflowRemainder = 0O;

$RoundRobinDataArray[$i] = $t;



/[For MPRV Algorithm

$u = new tableRow();

$u->ProcessName = "P" . ($i + 1);
$u->BurstTime = $randomSortedBurstTimes[$i];
$u->TempBurstTime = $u->BurstTime;
$u->IsProcessed = false;

$u->DummyBurstTime = $randomBurstTimes[$i];

$OnyinyesDataArray[$i] = $u;

/IFor SJF

$s = new tableRow();

$s->ProcessName = "P" . ($i + 1);
$s->BurstTime = $randomBurstTimes|[$i];
$s->IsProcessed = FALSE;
$s->TempBurstTime = $s->BurstTime;
$s->WaitingTime = 0;
$s->TurnAroundTime = 0;

$s->PenaltyRatio =",

$SJIFDataArray[$i] = $s;



/IFor LJF

$l = new tableRow();

$I->ProcessName = "P" . ($i + 1);
$I->BurstTime = $randomBurstTimes[$i];
$I->IsProcessed = FALSE;
$I->TempBurstTime = $I->BurstTime;
$l->WaitingTime = 0;
$I->TurnAroundTime = 0;

$I->PenaltyRatio = "";

$LIFDataArray[$i] = $I;

//For Priority

$p = new tableRow();

$p->ProcessName = "P" . ($i + 1);
$p->BurstTime = $randomBurstTimes[$i];
$p->IsProcessed = FALSE;
$p->TempBurstTime = $p->BurstTime;
$p->WaitingTime = 0;
$p->TurnAroundTime = 0;

$p->PenaltyRatio = ",



$p->AssignedPriority = $shuffledPriorities[$i];

$PriorityDataArray[$i] = $p;

/[For FCFS Algorithm

$f = new tableRow();

$f->1d = $i + 1;

$f->ProcessName = "P" . ($i + 1);
$f->BurstTime = $randomBurstTimes[$i];
$f->IsProcessed = FALSE;
$f->WaitingTime = 0O;
$f->TurnAroundTime = O;

$f->PenaltyRatio = ",

$FirstComeFirstServedDataArray[$i] = $f;

?>

MPRYV algorithm:

<?php

[IMPRV Algorithm



/[Calculate Target Penalty Ratio for Onyinye's Altion
$TargetPR = 0;
$SumOfBurstTimes = 0;

$tempArray = array();

$RuntimeArray = array();

for ($i = 0; $i < SNumberOfProcesses; $i++) {
$SumOfBurstTimes = $OnyinyesDataArray[$i]->Bilise + $SumOfBurstTimes;

$tempArray[$i] = $OnyinyesDataArray[$i]->Burstie;

$HighestBT = max($tempArray);

$TargetPR = round($SumOfBurstTimes / $HighestBT, 2)

/[Populate Data Fields
for ($i = 0; $i < SNumberOfProcesses; $i++) {

$OnyinyesDataArray[$i]->ETAT = round($OnyinyesfaArray[$i]->BurstTime *
$TargetPR); //IETAT

$0OnyinyesDataArray[$i]->EWT = $OnyinyesDataAji$i]->ETAT -
$OnyinyesDataArray[$i]->BurstTime; //[EWT

$OnyinyesDataArray[$i]->TempWaitingTime = $OnyesDataArray[$i]->EWT,;
$OnyinyesDataArray[$i]->TempEWT = $OnyinyesDatay[$i]->EWT,;

$OnyinyesDataArray[$i]->TempBurstTime = $OnyasppataArray[$i]->BurstTime;



$md = getMedianForSortedArray($randomSortedBurs€sim

/[Time Quantum

$0TQ = round($md);

IISTART

//1. Set Run Time and TATto O

$runtime = 0;

$tat = 0;

for($a = 0; $a < $NumberOfProcesses; $a++){
//lcache contents of array at that index

$b = $OnyinyesDataArray[$a];

/Ivar_dump($b);
testlloopback:
/ITEST 1: Is TempEWT - RT lIte 0?
if(($b->TempEWT - $runtime) <= 0){
IIYES

test4loopback:

$d = count($RuntimeArray);

$RuntimeArray[$d] = new RTCapture();



$c = $RuntimeArray[$d];
$c->ProcessName = $b->ProcessName;

$c->PreRT = $runtime;

$b->IsProcessed = True;

$b->WaitingTime = $runtime; //there's a sgfien mark here
$runtime += $b->TempBurstTime;

$tat = $runtime;

$b->TurnAroundTime = $tat;

$c->PostRT = $runtime;

} else{

/INO

/ITEST 2: Is EWT - RT lte TQ?

if($b->TempEWT - $runtime) <= $0TQ){

IIYES

/IGet HBT Process Index

$HBTIndex = getHBTIndex($OnyinyesDatea#yr, SNumberOfProcesses);

if($OnyinyesDataArray[$HBTIndex]->TempitTime == $b->TempBurstTime){
goto test4loopback;

} else{



/[TODO: Add HBT Process data asl wel
$e = count($RuntimeArray);
$RuntimeArray[$e] = new RTCapture()

$f = $RuntimeArray[$e];

//Add current process data to RRar

$d = count($RuntimeArray);
$RuntimeArray[$d] = new RTCapture()
$c = $SRuntimeArray[$d];

$c->ProcessName = $b->ProcessName;

$b->IsProcessed = True;

//IGet HBT Process Index

$HBTIndex = getHBTIndex($Onyinyes®array, $NumberOfProcesses);

[IModify

$OnyinyesDataArray[$HBTIndex]->TeByrstTime -= ($b->TempEWT - $runtime);
$f->ProcessName = $OnyinyesDataf#tdBTIndex]->ProcessName;

$f->PreRT = $runtime;

$f->PostRT = $f->PreRT + ($b->TenWE - $runtime);

//Update Run Time

$runtime += ($b->TempEWT - $runtime

$c->PreRT = $runtime;



//Update Waiting Time
$b->WaitingTime = $runtime;
/[Update TAT

$tat = $runtime + $b->TempBurstTime
$b->TurnAroundTime = $tat;

//Update Run Time

$runtime += $b->TempBurstTime;

$c->PostRT = $runtime;

} else{
IINO
test3loopback:
JITEST 3: Is (Temp)EWT - TAT Ite TQ?
if($b->TempEWT - $tat) <= $0TQ){

IIYES

//IGet HBT Process Index

$HBTIndex = getHBTIndex($OnyinyesBarray, $NumberOfProcesses);

if($OnyinyesDataArray[$HBTIndex]-eimpBurstTime == $b->TempBurstTime){
goto test4loopback;

} else{



$d = count($RuntimeArray);
$RuntimeArray[$d] = new RTCapef);
$c = $SRuntimeArray[$d];
/1$c->ProcessName = $b->Prddesse;

$c->PreRT = $runtime;

/IGet HBT

$HBTIndex = getHBTIndex($OnyaspataArray, $SNumberOfProcesses);

/IModify

$OnyinyesDataArray[$HBTIndex[empBurstTime -= $b->TempEWT;

$c->ProcessName = $OnyinyesPatey[$HBTIndex]->ProcessName;

$runtime += $b->TempEWT;

$b->TempEWT = $runtime;

$c->PostRT = $runtime;

goto testlloopback;

lelse{

IINO

/IGet HBT Process Index



$HBTIndex = getHBTIndex($Onyinyes®array, $NumberOfProcesses);
if($OnyinyesDataArray[$HBTIndex]-empBurstTime == $b->TempBurstTime){
goto test4loopback;

} else{

$d = count($RuntimeArray);
$RuntimeArray[$d] = new RTCapetf);
$c = $SRuntimeArray[$d];
/1$c->ProcessName = $b->Prddesse;

$c->PreRT = $runtime;

//Get HBT

$HBTIndex = getHBTIndex($OnyaspataArray, $SNumberOfProcesses);
/IModify

$OnyinyesDataArray[$HBTIndex]empBurstTime -= $0TQ;

$c->ProcessName = $0OnyinyesBaity[$HBTIndex]->ProcessName;

$runtime += $0TQ;

$b->TempEWT = $b->EWT - $runéim

$b->WaitingTime = $runtime;

$c->PostRT = $runtime;

goto test3loopback;



for ($i = 0; $i < $NumberOfProcesses; $i++) {
//lcache contents of array at that index

$p = $0OnyinyesDataArray[$i];

/lget the processname from cached object atrttlax

$processName = $p->ProcessName;

//get all occurences of processname in Runtimafand store in cacheArray
$cacheArray = array();
foreach ($RuntimeArray as $location){
if($location->ProcessName == $processName){
$size = count($cacheArray);

$cacheArray[$size] = $location;

if(count($cacheArray) > 1){
/lreset WT and TAT for Process to 0, to egmany previous calculations

$p->WaitingTime = 0;



//$p->TurnAroundTime = 0; //commented batause she said TAT is correct

//add the first PreRT to current Proces$' W

$p->WaitingTime += $cacheArray[0]->PreRT;

/lloop through contents of cacheArray aadgrm necessary calculations

for($k = 0; $k < count($cacheArray); $k++){

/lcheck if next array key exists

$nextExists = array_key_exists($k $dacheArray);

[/if it exists, do the math
if($nextExists){

$p->WaitingTime += $cacheArray[$K}->PreRT - $cacheArray[$k]->PostRT,;

}

telsef
/lonly one element in cacheArray so asSignand Post to WT and TAT
$p->WaitingTime = $cacheArray[0]->PreRT;

$p->TurnAroundTime = $cacheArray[0]->PosiRT

//Assign Penalty Ratio

$OnyinyesDataArray[$i]->PenaltyRatio = $OnyisipataArray[$i]->TurnAroundTime /
$OnyinyesDataArray[$i]->BurstTime;



$OnyinyesDataArray[$i]->PenaltyRatio = round($ihyesDataArray[$i]->PenaltyRatio, 2);

/Ivar_dump($cacheArray);

/Ivar_dump($RuntimeArray);
$contextSwitch = count($RuntimeArray) - 1;
?>
<div class="result-section">
<h4>Simulation Results for Minimized PenaltytiBa/ariance Algorithm</h4>
<table class="table table-condensed table-wedi@ble-striped">
<thead>
<tr>
<th>Process</th>
<th>Burst Times</th>
<th>Sorted Burst Times</th>
<th>Waiting Times</th>
<th>Turn Around Times</th>
<th>Penalty Ratio</th>
</tr>
</thead>
<tbody>
<?php

echo 'Context Switch ="' . $contextSwitch;



foreach ($OnyinyesDataArray as $row) {
echo '<tr>';
echo "<td class="text-left>{$row->PessName}</td>";
echo "<td>{$row->DummyBurstTime}</td>";
echo "<td>{$row->BurstTime}</td>";
echo "<td>{$row->WaitingTime}</td>";
echo "<td>{$row->TurnAroundTime}</td>";
echo "<td>{$row->PenaltyRatio}</td>";

echo '</tr>";

?>
<tr class="green">
<td colspan="3">

<b>AVERAGES =</b>

<?php
$WT2Sum = 0;
$TAT2Sum = 0;
$PR2Sum = 0;

foreach ($OnyinyesDataArray as $row
SWT2Sum += $row->WaitingTime;
$TAT2Sum += $row->TurnAroundTém

$PR2Sum += $row->PenaltyRatio;

?>

</td>



<td><?php echo round($WT2Sum / SNumlber@resses, 2); ?></td>
<td><?php echo round($TAT2Sum / $Nur@liBrocesses, 2); ?></td>
<td><?php echo round($PR2Sum / $Numbign@esses, 2); ?></td>
</tr/>
<tr class="green">
<td colspan="5">
<b>VARIANCE =</b>
</td>
<?php
$PR2Sum =0;
$SummationPR2Sum = 0;
foreach ($OnyinyesDataArray as §réw
$PR2Sum += $row->PenaltyRatio;

$SummationPR2Sum +=(($row->PenaltyRatio) oybr
>PenaltyRatio));

}

7>
<td>

<?php echo round(($SummationPR2Sum / $Numbeooé3ses) -
((3PR2Sum / $NumberOfProcesses) * ($PR2Sum / $Nt@fBeocesses) ) , 5); ?>

</td>
</tr>
</tbody>
</table>
<?php

echo 'Time Quantum = Median Value ="' . $0TQ;



echo '<br />
echo "Target PR = {$TargetPR}";

?>

</div>



