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Abstract

Scheduling refers to a set of policies and mechanisms supported by operating system that
controls the order in which the work to be done is completed. Scheduling is the best
method to improve the performance of the network by re-arranging the system
parameters. The aim of scheduling is to keep the CPU busy as much as possible by
executing a (user) process until it must wait for an event, and then switch to another
process. Various scheduling algorithm which are suitable only in linear system have been
studied. Shortest distance between source and destination in a network has also been
calculated. Results have been observed using “TORA”. Two nodes failure condition have
also been considered: a) Single node failure and b) Multiple nodes. Finally, observing

from the simulation results has been drawn.
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CHAPTER

1 INTRODUCTION

1.1 Introduction

Scheduling refers to a set of policies and mechanisms supported by operating system
which controls the order of task to be completed. The main objective of scheduling is to
increase CPU utilization and provide higher throughput. Throughput is the amount of
work accomplished in a given time interval [13]. CPU scheduling is the basis of operating
system which supports multiprogramming concepts. It also improves the overall
efficiency of the computer system by completing more work in less time [10]. From all
the resources in a computer system that are scheduled before use, the CPU is by far the
most important. The aim is to utilization resources in an optimized way and is possible by

executing a process until it must wait for an event, and then switch to another process.

1.2 Need of scheduling

Scheduling is done on the basis of two things new process and current process. In
multiprogramming system; when there are more than one variable process, operating
system must decide which one is activated [24]. To activate the operating system specific
time is known scheduling. The decision is made by the part of the operating system called
the scheduler, using a scheduling algorithm. Initially there was no need for scheduling,
since the users of computers are lined up in front of the computer room or gave their job
to an operator. It means they have only single task at a one time, after that the batch
processing is come [47]. In the batch processing, one can handle multiple tasks
simultaneously but one drawback of batch processing is that they execute the task which
first comes. So, it is also known as first come first serve processing. To complete the
entire task in less time, one needs the scheduling. The scheduling is basically used to cure

the deadlock which occurs in the system [30].



1.3 Types of Scheduling:

To improve the system performance like response time, throughput and processing
efficiency one uses scheduling. In many system scheduling activity can be categorized
into three ways [41] that is Long term scheduling, Medium term scheduling and Short

term scheduling.

1.3.1 Long-Term Scheduling:

This type of scheduling is performing when the new process is design [41]. If the number
of processes in the ready queue is very high, mean overhead on operating system will be
observed. Long-term scheduler determines which program is admitted into the system for
the process. When a program is admitted, then it becomes process and it is added to the
queue for short-term scheduling. It may also be very important that the long term
scheduler may take a careful selection of process. Process should be a combination of
CPU and input/output bound types. Generally, most processes can be put into any of the
two categories: CPU bound or input/output bound. If all processes are input/output bound,
the ready queue will always be empty and the short term scheduler will have nothing to
do. If all processes are CPU bound, no process will be waiting for input/output operation
and again the system will be unbalanced [10]. The long term scheduler provides good
performance by selecting a combination of CPU bound and input/output bound processes.
In some system, a newly created process begins in a swapped-out condition in which case
it is added to a queue for the medium term scheduler.

1.3.2 Medium -Term Scheduling:

This type of scheduling is the part of swapping function which means transfers the job in
ready queue to main memory because there is no sufficient memory in the medium term
scheduling [41]. It means if a system is running multiple programs and has very large
memory, there is no need of medium term scheduling. Medium term scheduling may
decide to swap out to process which are not activated for some time. Saving of the
suspended process is said to be swapped out or rolled out. The process is swapped in and
swapped out by the medium term scheduler. The medium term scheduler has nothing to
do with the suspended processes but the moment the suspending condition is fulfilled, the
medium term scheduler get activated to allocate the memory and swapped in the process
and make it ready for execution. The medium term scheduling is also helpful for reducing



the degree of multiprogramming, when long term scheduler is absent or minimal.
Medium term scheduling mainly based on the requirement of resources. Most of the
processes require some input/output operation. In such case, it may become suspended for
input/output operation after running a while. It is beneficial to remove suspended
processes from main memory to hard disk to make room for other processes. At some
later time these processes can be reloaded into memory and continued where from it was

left earlier.

New

process

Long Term
Scheduler

Scheduler

Processor | Medium term | Processor | Short term )
is > is » Running Exit
suspended | Scheduling Ready | Scheduling

Fig.1 Type of Scheduling [41]

1.3.3 Short —Term Scheduling:

This type of scheduling is also called dispatch and is very fast. Short-term scheduling is
invoked whenever an event is occurs, that may lead to the interruption of current running
process [41]. The short term scheduler is also called CPU scheduler. Whenever the CPU
becomes idle the operating system must select one of the processes in the ready queue to

execute.



1.4 Types of CPU schedulers:
The CPU scheduler selects a process from the ready queue and lets it run on the CPU.
There are basically two type of scheduler in CPU scheduler; (a) Non Pre-emptive and (b)

Pre-emptive scheduler.

1.4.1 Non-Pre-emptive:

Non pre-emptive scheduler executes only when the process is terminated. It means if
there is another task of higher priority, the current executed process not suspended it is
executed until this process is completed [18]. Non pre-emptive scheduler is easy to

implement but unsuitable for time-sharing systems.

1.4.2 Pre-emptive scheduler:

Pre-emptive scheduler executes at times when process is created. It means if there is
another task of higher priority, the current executed process suspended and it executed the
newly higher priority process [18]. After the completed the higher priority process pre-
emptive scheduler again executes the suspended process. On the pre-emptive scheduler
more overhead as compare to Non pre-emptive. Pre-emptive scheduler also uses memory

for the current suspended process.

1.5 Scheduling Criteria:

Different CPU-scheduling algorithms have different properties and may favour one class
of processes over another. In selecting the algorithm to use in a particular situation, one
must consider the properties of the various algorithms. The following criteria were

suggested for comparing CPU-scheduling algorithms.

1.5.1 CPU Utilization:
The key idea is that if the CPU is busy all the time, the utilization factor [10 ]of all the
components of the system will be also high. CPU utilization may range from 0 to 100%.

1.5.2 Throughput:
It refers to the amount of work completed in a unit of time. One way to measure
throughput is by means of the number of processes that are completed in a unit of time

[40]. The higher the number of processes, the more work apparently being done by the



system. But this approach is not very useful for comparison because this is dependent on
the characteristics and resource requirement of the process being executed.

1.5.3 Turn-around Time:

Turnaround time is defined as the interval from the time of submission of a process to the
time of its completion [44]. The important criterion is how long it takes to execute that
process. It is the sum of the periods spent waiting to get into memory, waiting in the ready

queue, executing on the CPU and input/ output operations.

1.5.4 Waiting Time:

In a multiprogramming operating system several jobs reside at a time in memory. CPU
executes only one job at a time. The rest of jobs wait for the CPU [41]. The waiting time
may be expressed as turnaround time less the actual processing time and is given as:

Waiting time = turnaround time - processing time.

But the scheduling algorithm affects the amount of time that a process spends waiting in a
ready queue. The CPU-scheduling algorithm does not affect the amount of time during
which a process executes [44]. So rather than looking at turnaround time; waiting time is

the sum of the periods spent waiting in the ready queue.

1.5.5 Response Time:

It is most frequently considered in time sharing and real time operating systems.
However, its characteristics differ in the two ways. In time sharing system, it may be
defined as interval from the time the last character of a command line of a program or
transaction is entered to the time the last result appears on the terminal. In real time
system it may be defined as interval from the time an internal or external event is
signalled to the time the first instruction of the respective service routine is executed [28].
One of the problems in designing schedulers and selecting a set of its performance criteria
is that they often conflict with each other. For example, the fastest response time in time
sharing and real time system may result in low CPU utilization. Throughput and CPU
utilization may be increased by executing large number of processes, but then response
time may suffer. So, the design of a scheduler usually requires a balance of all the

different requirements and constraints.



1.6 Objectives of the Work:

The objective of the work is given as:

a) To study the various scheduling algorithms used for real time tasks.

b) To design an algorithms used to handle linear and non linear tasks in real time.

c¢) Comparison of proposed algorithm with existing algorithms.

1.7 Organization of the report:

The report contains five chapters; first chapter contain the introduction, needs, type and
criteria of scheduling. Work done by various researchers, considering the research paper
in static and dynamic scheduling real time tasks have been introduced in second chapter.
The third chapter include the various scheduling algorithms on the basis of all scheduling
algorithms and the performance of proposed system has been observed. Comparison of
proposed model has also been done with various scheduling algorithm. Simulation result
for the scheduling algorithm using the “TORA” tool has been shown in the fourth chapter.

Finally, the fifth chapter include conclusion and future scope of this work.



CHAPTER

2 LITERATURE SURVEY

This chapter involves the work done by the various researchers in the field of scheduling

of real time tasks to handle embedded system.

Jane W.S. Liu et al. [1] proposed an algorithm for scheduling imprecise computations.
According to them, imprecise computation techniques provide scheduling flexibility by
trading off result quality to meet computation deadlines. They also reviewed, imprecise
computation scheduling problems such as workload models and algorithms. Imprecise
computation techniques minimize the bad effect of timing fault. They also suggested to

minimization the number of discarded optional tasks and minimization of total error.

Christopher chase et al. [2] proposed a real time scheduling policies for flexible
manufacturing system. They consider a model that was proposed by Perkins and Kumar
[43] for real time control of flexible manufacturing system. Machine processed a finite
number of part types at specifed rates but only one part was processed at a time in that
model. To use multiple part, machine uses the feedback rule time to time from one part
type to another.

John A. Stankovic [3] proposed many faces of multi-level real-time scheduling. The
complex real time system usually have two or more scheduling algorithms due to the
system size, the vastly different requirements of various sets of tasks, and the different
metrics used for different functions or subsystems. They focused on the issue of
multilevel scheduling. Multi-level scheduling arises for various important reasons. They
discussed multi-level scheduling examples from a process/thread model, local/distributed

scheduling, manufacturing and multimedia.



Y. X. Dai et al. [4] proposed an alternate approach for real-time scheduling. They
proposed self scheduling based on the philosophy of competition, which improved the
scheduling efficiency when jobs were increasing in automatic manufacturing system.
Implementation problems and support technology, such as parallel processing and
dynamic data exchange were also discussed. They addressed the issue of information
systems development, production control and performance measures in an integrated

manner.

P. Bizzarri et al. [5] proposed a scheduling algorithm for a periodic group of tasks in
distributed real-time systems. In their analysed work the problem of scheduling periodic
groups of tasks in distributed systems was also proposed. Two contributions; a)
distributed scheduling algorithm and b) analysis of the behaviour of the proposed
scheduling algorithm by applying a holistic approach were also considered. The
sensitivity of the response time of the algorithm to the parameters involved was also
studied.

D. Montana et al. [6] proposed a genetic algorithm for complex, real-time scheduling
applications. They considered applications that require real-time scheduling of large scale
problems in complex domains present a number of difficulties for search and optimization
techniques. These difficulties include search space whose size grows exponentially with
the size of the problem. Tasks were constantly changing due to a changing environment
and users. There was need to trade off between a variety of different criteria measuring

the relative fitness interaction and of a particular schedule.

M. Abe et al. [7] proposed an artificial neural network optimized by a genetic algorithm
for real time flow-shop scheduling. They developed a former genetic artificial neural
network scheduling method to a practical real-time scheduling system for flow-shop
process problems. Adaptability of artificial neural network to change of environments
was proved to be effective for real-time rescheduling. They investigated the effect of
improvements of the genetic artificial neural network scheduling system on the efficiency
of rescheduling when new jobs were append in a chemical process with some buffer
tanks. In results, the former genetic artificial neural network scheduling method could be

developed to a practical real-time scheduling system for process problems.



Tei-Wei Kuo et al. [8] proposed a class of rate-based real-time scheduling algorithms.
They investigated a class of rate-based real-time scheduling algorithms based on the idea
of General Processor Sharing (GPS). They extended the GPS frame work for periodic and
sporadic process scheduling and showed the optimality of GPS-based scheduling. They
also proposed the Earliest-Completion-Time GPS (EGPS) scheduling algorithm to
simulate the GPS algorithm with much lower run-time overheads. The schedulability of
each process was enforced by a guaranteed CPU service rate, independent of the demands
of other processes. They also provide a theoretical foundation to assign proper CPU
service rates to processes to satisfy their individual stringent response time requirements.
They also proposed a GPS-based scheduling mechanism for jitter control. Finally, the
performance of the proposed algorithms was studied using a generic avionics platform.
Simulation experiments on jitter control and mixed soft and hard real-time process

scheduling were also done.

Kwei-Jay Lin et al. [9] proposed designing multimedia applications used for real-time
systems with symmetric multi-processors architecture. Existing real-time scheduling
algorithms designed for single-processor systems such as Rate Monotonic (RM) and
Earliest Deadline First algorithm (EDF) showed very poor performance on multiprocessor
systems. They analyzed different ways used to design real-time applications on
symmetric multi-processors machines. Many simulator systems were adopted
multiprocessor architecture to handle the large number of system events and the large
volume of computation data that were typical in this type of systems. With an appropriate
system design, the SMP (Symmetric Multi-Processors) architecture allows a system to be
more scalable and more reliable. SMP-based systems were more scalable since the
number of processors could be increased with the growing needs of the application. SMP-
based systems were more reliable since the unavailability of one processor could not
affect the execution of the other processors.

Deji Chen et al. [10] proposed an utilization bound revisited. They defined the utilization
bound as a function of the information about the task set. By making use of more than just
the number of tasks, better utilization bound over the Liu and Layland [10] bound can be
achieved. There was still no known polynomial algorithm to calculate the exact utilization

bound given the task periods. They proposed the exact bound for some special cases.



They also suggested a simpler proof for the harmonic chain bound. The algorithms were
tested and compared with randomly generated task periods.

Sanjoy K. Baruah et al. [11] proposed a rate monotonic scheduling method for uniform
multiprocessors. Rate-Monotonic scheduling was the one of the most popular algorithm
for the scheduling system of periodic real-time task. They obtained the first nontrivial
feasibility test for a static-priority scheduling algorithm that adopts a global approach to
task allocation upon uniform multiprocessors. They also studied the behaviour of
algorithm RM-one such previously defined static priority global scheduling algorithm-
upon uniform multiprocessor platforms. They obtained simple sufficient conditions for
determining whether any given periodic task system could be successfully scheduled by

RM Algorithm upon a given uniform multiprocessor platform.

C.M. Krishna et al. [12] proposed a voltage-clock-scaling adaptive scheduling technique
for low power in hard real-time systems. They described simple algorithms for voltage
scaling in real-time systems. These algorithms exploit the fact that power consumption
tends to drop quadratically with voltage, while circuit delays increase only linearly.
Proposed algorithm was compared to work upon offline and online component. The
offline component assumes that the tasks run to their worst-case execution times and
computes the voltage settings to minimize energy consumption. The online component
starts with the offline voltage settings as a base and then reclaims any time resources that
were released by tasks which finish ahead of their predicted worst-case execution times,
thus making for a further round of energy savings. Results indicate that significant energy
savings were possible, while guaranteeing that all tasks could be continued to meet their

deadlines.

Kuan-Yu Chen et al. [13] proposed a multiprocessor real-time process scheduling
method. They proposed a method for multiprocessor real-time scheduling algorithm
applicable for both computer science and operation research. Method proposed by them
was general enough to solve different scheduling problems such as wafer lot dispatching
and scheduling for behaviours of a robot soccer player. In multimedia systems like, video-
on-demand systems required a good scheduling method to improve their services because

of their real-time requirements.
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Peng Li et al. [14] suggested a fast, best-effort real-time scheduling algorithm. They
presented two fast, best-effort real-time scheduling algorithms called Modified Dependent
Activity Scheduling Algorithm (MDASA) and Modified Locke’s Best Effort Scheduling
Algorithm (MLBESA). Furthermore, the task response times under MDASA and
MLBESA were found to be very close to the values under their counterpart scheduling
algorithms. While MDASA performs better than MLBESA and had a better worst-case

complexity, MLBESA guarantees the optimal schedule during under load situations.

Dan Ma et al. [15] proposed dynamic scheduling algorithm for parallel real-time jobs in
heterogeneous system. The aim was to building a real-time scheduling model that was
applicable to dynamically scheduling multiple. In the model, an assigned processor which
was called centre scheduler was responsible for dynamically scheduling the real-time jobs
when they arrive. Based on the proposed real-time scheduling model they presented a
new dynamic scheduling algorithm. Some simulation experiments were made and the
results of these experiments show the proposed scheduling algorithm was a valid dynamic

scheduling algorithm with better performance.

Pengliu Tan et al. [16] proposed a hybrid scheduling scheme for hard, soft and non-real-
time tasks. They proposed a hybrid scheduling scheme for hard, soft and non-real-time
tasks. The scheme created a constant utilization server for each real-time scheduling
policy and a total bandwidth server for all the non-real-time tasks with time sharing
scheduling policy. Each server had a scheduler, called server scheduler, which was
responsible for executing the ready-to-run tasks with the same scheduling policy as the
server. All the servers were scheduled by the bottom operating system scheduler
according to EDF algorithm. The schedulability test was also presented by them. The
hybrid scheme was used to implement different real time systems with different goals and
provides the real-time services with different task modes by adjusting every constant
utilization server’s size. This scheme also simplified the schedulability analysis and
validates the schedulability of the tasks with one scheduling policy scheduling
independent of the tasks with other scheduling policies. The experimental results showed
that the hybrid scheme was an efficient scheduling scheme.

Yang-ping Chen et al. [17] presented a novel task scheduling algorithm for real-time

multiprocessor systems. A novel task scheduling algorithm for real-time multiprocessor

11



systems was also given, which took task's height and particle's position as the task's
priority values, and applies the list scheduling strategy to generate the feasible solutions.
Genetic algorithm produces encouraging results in terms of quality of solution and time

complexity.

Octav Chipara et al. [18] introduced a real-time query scheduling for wireless sensor
networks. A novel approach to conflict-free transmission scheduling for real-time queries
in wireless sensor networks was also proposed. An inherent trade-off between
prioritization and throughput in conflict-free query scheduling was observed. Three types
of new real-time scheduling algorithms were presented. a) The non preemptive query
scheduling algorithm achieved high throughput while introducing priority inversions. b)
The preemptive query scheduling algorithm eliminated priority inversion at the cost of
reduced throughput. ¢) The slack stealing query scheduling algorithm combines the
benefits of preemptive and nonpreemptive scheduling by improving the throughput while
meeting query deadlines. Finally, it was observed that there exists a trade off between
throughput and prioritization under conflict-free query scheduling. Design and
schedulability analysis of three new real-time scheduling algorithms for prioritized

transmission scheduling was also presented.

Jian-Jia Chen Chuan-Yue Yang et al. [19] proposed approximation algorithms for
multiprocessor energy-efficient scheduling of periodic real-time tasks with uncertain task
execution time. A task partition was derived which minimized the expected energy
consumption for completing all the given tasks in time. They proposed an efficient
approximation algorithm and a Polynomial-Time Approximation Scheme (PTAS) to
provide worst-case guarantees for the strongly non pre-emptive-hard problem.
Experimental results showed that the algorithms could be effectively minimizing the

expected energy consumption.

Robert Glaubius et al. [20] presented a scheduling design and verification for open soft
real-time systems. Three main contributions to the state of the art were made in
scheduling open soft real-time systems: a) it defined a novel representation of the
scheduling state space that was more compact and more expressive than the model
defined in previous work; b) it exploits regular structure of that representation to allow

efficient verification of properties involving both discrete and continuous system state

12



variables under specific scheduling policies; and c) it removes the unnecessary use of a
time horizon in previous approach, thus allowing the more precise specification and
enforcement of a wider range of scheduling policies for open soft real-time systems.
Techniques for efficiently creating scheduling polices based on a given utilization

specification were also presented.

Lars Lundberg et al. [21] proposed a slack-based global multiprocessor scheduling of a
periodic tasks in parallel embedded real-time systems. They proved that if the load on the
multiprocessor stays below (3-root of 5)/2 =38.197%, the server accepts an incoming a
periodic task. This was better than the current state-of the-art algorithm where the
priorities of light tasks are based on deadlines. The traditional priority assignment strategy
for light tasks from shortest deadline was replaced with least slack first. It turns out that

the worst-case behaviour of the slack based approach was better when multi processors.

Yi-Hsiung Chao et al. [22] presented on a schedulability issues for EDZL scheduling on
real-time multiprocessor systems. They disproved this conjecture and show that the
utilization bound of EDZL was no greater than m (1 — 1/e) = 0.6321m, where e ~ 2.718
was the Euler’s number. EDZL (Earliest Deadline first until Zero Laxity) was an efficient
and practical scheduling algorithm on multiprocessor systems. It had a comparable
number of context switches to EDF (Earliest Deadline First) and its schedulable
utilization seems to be higher than that of EDF. Previously, there was a conjecture that the
utilization bound of EDZL is 3m/4 = 0.75m for m processors.

Zhu Xiang bin et al. [23] proposed an embedded computing on a dynamic window-
constrained scheduling algorithm for multiprocessor real-time systems. An improved
heuristic algorithm, which had a new heuristic function for window-constrained real time
tasks were also proposed. The improved algorithm considers not only the deadlines and
the resource requirements of a task, but also the processing time of the task. The most
important metric for real-time scheduling algorithms was scheduling success ratio. To
evaluate the effectiveness of the improved algorithm had done extensive simulation
studied. The simulation results showed that the scheduling success ratio of the improved

heuristic algorithm was superior to that of myopic algorithm.
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Ming Xiong et al. [24] proposed a deferrable scheduling for maintaining real-time data
freshness algorithms, analysis and results. Deferrable Scheduling algorithm for Fixed-
Priority (DS-FP) transactions, approach for minimizing update workload while
maintaining the temporal validity of real-time data was also proposed. In contrast to prior
work on maintaining data freshness periodically, update transactions followed a periodic
task model in the deferrable scheduling algorithm. The deferrable scheduling algorithm
exploits the semantics of temporal validity constraint of real-time data by judiciously
deferring the sampling times of updated transaction jobs as late as possible. They also
proposed a theoretical estimation of the processor utilization of DS-FP, which was
verified in experimental study. It was possible for the same concept to be used in the

scheduling of update transactions with dynamic priority.

Euiseong Seo et al. [25] proposed an energy efficient scheduling of real-time tasks on
multicore processors. They tackled the problem of reducing power consumption in a
periodic real-time system using dynamic voltage scaling on a multicore processor. The
processor was assumed to have the limitation that all cores must run at the same
performance level. To reduce the dynamic power consumption of such a system they
suggested an algorithm based on dynamic repartitioning and dynamic core scaling.
Dynamic repartitioning tries to maintain balance in the performance demands by

migrating tasks between cores during execution accompanying with deadline guarantee.

Farooq Muhammad et al. [26] proposed a slack-conserving based scheduling of periodic
real-time tasks. They proposed an algorithm called Real Urgency First scheduling (RUF)
algorithm. According to this algorithm, critical tasks were always guaranteed to meet
their real time constraints while improving the execution of non critical tasks. Real time
scheduling algorithms provide a mean to schedule tasks on processor such that real time
constraints were guaranteed. Fixed priority real time scheduling algorithms had low
runtime complexity and their behaviour was categorized a prior but they do not support
dynamic systems very well. A transient overload in dynamic priority scheduling
algorithms may cause a critical task to fail but they were capable of supporting dynamic
systems. Hybrid scheduling algorithms behaviour could be categorized a prior and they
support dynamic systems as well but they may unnecessarily cause non critical tasks to

miss their deadlines even when all critical tasks are schedulable.
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Aihan Yin et al. [27] suggested a dynamic programmable scheduling mechanism of
gigabit-ethernet passive optical network. They also proposed a dynamic programmable
scheduling mechanism that was effectively to solve the problems of the polling
mechanism. At the same time, the dynamic programmable scheduling mechanism could
provides a greater degree of flexibility that enables service providers to decide and
achieve their own bandwidth allocation logic after the network was fixed. In addition, to a
large extent, the proposed mechanism could be promoting interoperability among

different gigabit-ethernet passive optical network systems.

Enrico Bini et al. [28] considered a response-time bound in fixed-priority scheduling with
arbitrary deadlines. They identified three desirable properties of estimates of the exact
response times, continuity with respect to system parameters, efficient computability and
approximability. They also derived a continuous upper bound on response time for task
systems that were scheduled upon a preemptive uniprocessor.

Marko Bertogna et al. [29] analyzed a schedulability of global scheduling algorithms on
multiprocessor platforms. They addressed the schedulability problem of periodic and
sporadic real-time task sets with constrained deadlines preemptively scheduled on a
multiprocessor platform. They assumed that a global work-conserving scheduler was used
and migration from one processor to another was allowed during a task lifetime. The
analysis would be applied to two typical scheduling algorithms: Earliest Deadline First
(EDF) and Fixed Priority (FP). The effectiveness of the proposed test was showed

through an extensive set of synthetic experiments.

Fengxiang Zhang et al. [30] analyzed a schedulability for real-time systems with Earliest
Deadline First (EDF) scheduling. They proposed new results on necessary and sufficient
schedulability analysis for EDF scheduling. These results reduce the calculation times, in
all situations exponentially, for schedulable task sets. They also addressed and solved the
problem of providing fast schedulability analysis which was necessary and sufficient for
EDF scheduling with arbitrary relative deadlines. The experimental results for quick
convergence processor-demand analysis were similar for all kinds of task sets. Quick
convergence processor-demand analysis reduces the required number of calculations

exponentially in almost all situations.
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Xian-Bo He et al. [31] proposed a fuzzy Earliest Deadline First (EDF) scheduling
algorithm which was suitable for embedded soft real-time systems in the uncertain
environments. All tasks were periodic and a tasks criticality and deadline distance were
also described with fuzzy set. In scheduling algorithm tasks with shorter fuzzy deadline
distance were scheduled first to those with same fuzzy deadline distance level, their
criticalities were considered first. The simulation test shows that fuzzy EDF model had
less deadline missing ratios than those of traditional EDF algorithm and the important
tasks had less deadline missing ratios than that of others tasks in an overloaded uncertain

embedded soft real-time system.

Paulo Baltarejo Sousa et al. [32] implemented a slot-based task-splitting multiprocessor
scheduling. They discussed and proposed some modifications to the slot-based task
splitting algorithm driven by implementation concerns, and they report the first
implementation of this family of algorithms in a real operating system running linux
kernel version 2.6.34. They also conducted an extensive range of experiments on a 4-core
multicore desktop PC running task-sets with utilizations of up to 88%. The results showed
that the behaviour of implementation was in line with the theoretical framework behind it.
In spite of the unpredictability of the linux kernel observed a good correspondence

between theory and practice.

Dong-Song Zhang et al. [33] proposed an energy-efficient scheduling algorithm for
sporadic real-time tasks in multiprocessor systems. They proposed an energy-efficient
real-time scheduling algorithm named local remaining voltage frequency scaling-efficient
area control error real-time scheduling algorithm for sporadic tasks. The experimental
results proved that the existing algorithms has not only guaranteed the optimal feasibility
of sporadic tasks, but also achieve more energy savings in all cases, especially in the case
of high workloads.

Huang-Ming Huang et al. [34] implemented and evaluate mixed-criticality scheduling
approaches for periodic tasks. They also presented the first side-by-side evaluation
scheme of those approaches, for periodic mixed-criticality tasks on uniprocessor systems,
under a mixed-criticality scheduling model that was common to all three approaches. To
make a fair evaluation of zero-slack scheduling, they also addressed two previously open

issues; a) how to accommodate execution of a task after its deadline, and b) how to
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account for previously unidentified forms of interference between mixed-criticality tasks.
Simulations showed that while priority assignment and period transformation were most
likely to be able to schedule a randomly selected task set, a small fraction of the task sets
were schedulable only under the zero-slack approach. Empirical evaluation demonstrates
that user-space implementations of mechanisms to enforce period transformation and
zero-slack scheduling could be achieved on linux without kernel modification; with

suitably low overhead for mixed-criticality real-time task sets.

Wei Tong et al. [35] proposed hard-real-time scheduling on weakly programmable multi-
core processor with application to multi-standard channel decoding. They addressed the
channel decoding part of a radio. Each channel decoding application had its own
throughput requirement. It consists of a set of tasks that process data in a streaming
fashion. They focused on the channel decoding part of SDR. They used Synchronous
Data Flow (SDF) and Cyclo-Static Data Flow (CSDF) graphs to model channel decoding

functions.

Liu Dun-nan et al. [36] considered a fuzzy systems and knowledge discovery (FSKD) on
real-time scheduling feedback fuzzy control system based on area control error and power
generation error. Based on the real-time scheduling system, they increased Area Control
Error (ACE) indicators on area control deviation and feedback control part of generating
deviation indicators. They also established the acquisition and feedback control systems
of the index based on power grid. They connected the objective of real-time scheduling
with assessment criteria of the power grid, and meet the needs of assessment of the power
grid. They also established the acquisition and feedback control system of the power
generation deviation based on real-time power assessment in generation plant. They
analyzed power delay because of technical factors and human-induced factors prevalent
existing in reality, and improved the effect of real time scheduling.

Arnoldo Diaz-Ramirez et al. [37] presented a multiprocessor real-time scheduling
simulation tool. They introduced a tool name was RealtssMP to perform scheduling
analysis and simulation of multiprocessor real-time scheduling algorithms. Result were
helpful in the evaluation of the performance of existing and new scheduling algorithms.

RealtssMP was fully integrated with Kiwi, a visualization tool used to evaluate the
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execution chronograms of the task sets. The proposed tool was flexible enough, allowing
the seamlessly integration of additional scheduling algorithms and schedulability tests.

Jin Cui et al. [38] proposed fast high-level event-driven thermal estimator for dynamic
thermal aware scheduling. They developed an iteration free calibration which accounts
for leakage power. Thermal estimator was validated by experimentation and showed to be
suitable for dynamic thermal aware scheduling proposed by them. They developed a
predictive future thermal map which used to proposed several online heuristic scheduling
policies. These policies were show to produce better overall thermal and real-time effects

than previous dynamic thermal aware scheduling solutions.

2.1 OBSERVATIONS:

From the literature survey it has been observed that the proposed scheduling algorithm
was not suitable for non linear system and have suffer from poor speed. So there is need
to develop an algorithm which is suitable for both linear and non linear system.
Scheduling is also help in the optimization of common resources in a multi node network.
From these observations the objectives of thesis work have been drawn and stated in
chapter 1.
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CHAPTER

3 SCHEDULING ALGORITHMS

CPU scheduling deal with the problem of deciding which of the process in ready queue is
to be allocated the CPU. There are several scheduling algorithms already exists.
Scheduling algorithms or policies are mainly used for short term scheduling [47]. List of
Commonly used scheduling algorithms are as follow

3.1 First Come First Served (FCFS) Algorithm

3.2 Short Job First (SJF) Scheduling Algorithm

3.3 Shortest Remaining Time (SRT) Scheduling Algorithm

3.4 Round Robin (RR) Scheduling Algorithm

3.5 Priority Scheduling Algorithm

3.6 Multi level Queue Scheduling Algorithm

Description of each scheduling algorithm one by one is given below.

3.1 First Come First Served (FCFS) Scheduling Algorithm

This is the simplest scheduling algorithm. This algorithm is also called first in and first
out (FIFO) algorithm [44]. This algorithm is non pre-emptive. Table 3.1.1 has been taken
to understand this algorithm. In the table 3.1.1, it can be seen that each process has its
own burst time and arrival time. For example the process P1 has arrival time ‘0’ and his
burst time ‘6’. Similarly process P2 has ‘0’ arrival time and ‘8’ burst time. Similarly again

all process has their own arrival time and burst time.

Table 3.1.1: Example for FCFS scheduling algorithm

Process P1 P2 P3 P4
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Burst time 6 8 7 3

Arrival time 0 0 0 0

> Arrival time: It is the time at which the process is arrives in the queue [41]. If the
process is not being meeting at burst time, error was occurred in that process.
> Burst time: It is the time at which the process executed [22]. It means that the time

at which the any process comes into the execution process queue.

Table 3.1.2: Gantt chart for FCFS algorithm

P1 P2 P3 P4

0 6 14 21 24

This algorithm helps to realize that which process first come that’s first serve. Process P1
appears first in the execution queue; therefore it first executed first that is called first
come first serve. After that process P2 come before all other process, so executed first, as
compare to all other process. This process of execution continues until all the processes
are executed. Here process P4 come at the end so, it executed lastly that’s why it is called
first come first serve scheduling algorithm. Average waiting time is calculated as:
(0+6+14+21)/4 =10.25ns

Advantages
» This scheduling algorithm is better for long process.

» This is very Simple method.
Disadvantages

» Small process should wait for its turn to utilize the CPU.

» Throughput is not emphasized.
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3.2 Short Job First (SJF) Scheduling Algorithm

Short job first (SJF) scheduling algorithm enters the short job first for execution. It means
job which have less time to execution first executed in comparison to all other jobs [44].
In this scheduling algorithm the over heads are increased as compare to First Come First
serves (FCFS) scheduling algorithm. Same example has been used to understand this

scheduling algorithm and is given below:

Table 3.2.1: Example to understand this scheduling algorithm

Process P1 P2 P3 P4
Burst time 6 8 7 3
Arrival time 0 0 0 0

Process P4 takes short time to execute in this algorithm and is shown in table 3.2.2 below:

Table 3.2.2: Gantt diagram for shortest job first scheduling algorithm

P4 P1 P3 P2

Average waiting time is calculated as:
(0+3+9+16)/4 =7ns
It has been observed that the average waiting time of short job first (SJF) scheduling
algorithm is less in comparison to FCFS scheduling algorithm.
Advantage
» It provides high throughput high.

» It gives the superior turn- around time performance.
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Disadvantage

» Itincrease the overhead on our processor

3.3 Shortest Remaining Time (SRT) Scheduling Algorithm

Shortest remaining time (SRT) scheduling algorithm first executes the process which has

shortest remaining time [41]. Assume four process and they have different arrival time

and burst time.

Table 3.3.1: Example for the SRT scheduling algorithm

Process Arrival time Burst time
P1 0 8
P2 1 4
P3 2 9
P4 3 3)

Table 3.3.2: Gantt diagram for this type algorithm

P1

P2

P4

P1

P3

17

26

Here table 3.3.2 reveals that the process P1 is started at time 0, since it is only process in

the queue. Process P2 arrived at time 1. The remaining time for process P1 is larger than

the time required by P2, so P1 is suspend and P2 is scheduled. This is also call pre-

emptive. If the remaining time of process P1 is less as compare to P2 and all other

process, P1 is continues executes but in this case process P1 has large remaining time, so
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it is interrupted. Process P2 is fully executed because the execution time is less in
comparison to all other process. After completing the execution of P2, process P4 is
executed due to the same reason. Finally the Process P3 is executed because the
remaining time of process P3 is large so process P3 is executed at the end. The average
waiting time for this example is given as:

{(10-0) + (1-1) + (17-2) + (5-3)} /4 =26/ 6 = 6.5ns

3.4 Round Robin (RR) Scheduling Algorithm
In this algorithm a time slot is taken, that is called time slicing. So this algorithm is also
called time slicing algorithm [41]. Following example has been used to understand the

working of this algorithm.

Table 3.4.1: Example table for RR scheduling algorithm

PROCESS P1 P2 P3
BURST TIME 24 3 3
ARRIVAL TIME 0 0 0

Here time slice of 4ns has been considered and after that using Round Robin algorithm all

the process were organized in a manner.

Table 3.4.2 : Gantt chart for Round Robin scheduling algorithm

P1 P2 P3 P1 P1 P1 P1 P1

0 4 7 10 14 18 22 26 30
In Round Robin (RR) scheduling algorithm, there are three processes P1, P2 and P3.
Process P1 first executed for 4ns because time slice indented is 4ns. After completing 4ns,
process P2 executed for next 4ns and after that Process P3 will be executed for next 4ns.
This is happens until the all process are completely executed. Average waiting time in the

Round Robin scheduling algorithm is given as
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{(0+4+7) + (10-4)}/3 = 18/3 = 6ns

3.5 Priority Scheduling Algorithm

In this type of scheduling algorithm, the priority is given for each process according to

their necessity [41]. To understand priority scheduling an example is taken, which is

shown below:
Table 3.5.1: Example for priority scheduling algorithm
Process Burst Time Arrival Time Priority
P1 10 0 3
P2 1 0 1
P3 2 0 4
P4 1 0 5)
P5 5 0 2

In this example there are five processes P1, P2, P3, P4 and P5. Each process has its own

priority, arrival time and burst time which is shown in the table 3.5.1.

Table 3.5.2: Gantt chart for priority scheduling algorithm

P2

P5

P1

P3

P4

16

18

19
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Table 3.5.2 reveals that process P2 is first executed due to their first priority shown in the
table 3.5.1. After that process P5 is executed because second priority is given to this
process. Similarly, all remaining process is executed according to which priority is given
to that. In this algorithm the CPU is allocate to process with higher priority after
completing the present running process. This is as first come first serve scheduling
algorithm.
Advantage

> It provides better response for highest priority process.
Disadvantage

» Star vision may be possible for the lowest priority process only.

> Pre-emptive scheduling algorithm

3.6 Multi level Queue (MLQ) Scheduling Algorithm

Multi level queue scheduling algorithm partitions the ready queue into several separate
queue. Processes are permanently assigned to each queue, usually based upon properties
such as memory size or process type [44]. Each queue has its own scheduling algorithm.
The interactive queue might be scheduling by a round robin algorithm while batch queue
follows FCFS scheduling algorithm as an example of multi level queue scheduling one
simple approach to partitioning of ready queue into system processes, interactive
processes and batch processes and it creates a three ready queue [47]. It can be seen that
in the figure 3.6 there are three scheduler, high priority scheduler, round robin scheduler

and first come first out scheduler can be switch to CPU by using switch.

High priority
System Scheduler

v

Process

Interactive Round robin )
Switch

\4

Process Scheduler CPU

Batch Process | Firstcome
First out

Fig. 3.6 multi level queue scheduling algorithm [47]
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The comparison on the basis of performance measuring parameters of various algorithms

has been shown in the following table 3.7

Table 3.7: Comparison of various scheduling algorithms

) Parameters
Scheduling
Algorithm CPU Throughput Turnaround Response
Overhead Time Time
First In First Low Low High Low
Serve
Shortest Job First Medium High Medium Medium
Shortest Low Medium Medium Medium
Remaining Time
Priority Based Medium Low High High
Round Robin High Medium Medium High
Multi level Queue High High Medium Medium
Scheduling
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CHAPTER

4 SIMULATION AND RESULT

There is a need to optimize the method of finding shortest path for saving the resources
for data communication between various nodes. The simulation results have been achived

using “TORA” software.

4.1 Shortest path algorithms:

The shortest path is the path through which data or information is communicated from
source node to destination node as compared to other paths. In other way a shortest path is
the path between the two vertices in such a way that the sum of the weights of its
constituent edges is minimized. There are many variations depending on the directivity of
the graph [6]. For undirected weighted graph (graph with a set of V vertices, a set of E
edges and a real valued weight function f: E->R) and elements v and v' of V, find a path P

from v to V' so that

B ep f(p)-rreeeeeeeeee e )

is minimal along all paths connecting v to v'. There are some variations in the shortest

path problems which are described below:

4.2 Single source shortest path problem:

When a single source is used to transmit data to all other nodes in a circuit, the problem is
known as single source shortest path problem [17]. This problem is basically used to
finding the shortest path from a single source to all the nodes or vertices in the graph. To
find the possible shortest path from a particular source node to all other node, all the

possibe paths are traversed.

4.3 Single destinaton shortest path problem:
In the single destination shortest path problem, a node with shortest path from all other
possible node in the graph for the data or information transfer has to be found [19].
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Shortest paths from all the vertices in the directed graph to a single vertex v has to be
found. This can be reduced to the single-source shortest path problem by reversing the

arcs in the directed graph.

All-pairs shortest path problem
Shortest path between every pair of vertices v and v' has to be calculated and thus the

name is All-pairs shortest path problem.

7 7 7
A B D
15 15 15 15
2 7
7 15 ’
1
1 1

Figure 4.0 Undirected graph
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The figure 4.0 is undirected graph. Basically there are two type of graph: a) Directed
graph and b) Undirected graph. In the directed graph, data is transferred only in one
direction and in the undirected graph, data is transferred in one direction to another

direction and vice versa. Example of directed graph is shown in figure 4.0.1

A

=)
G
s

l_-d

(=)

Figure 4.0.1 : Directed Graph
In above figure 4.0.1 there is an arrow direction in each vertics. The connected path
between two or more node is called vertics. Vertics play an imprortant role to send data or
information from source node to destination node. In figure 4.0.1 data can be tranferred
from node A to node C but not from node C to node A. If data is need to be transferred
from node A to node H, then there are many paths like (i) Ato Cto Fto H (i) AtoBto E
to H and (iii) A to B to C to D to G to H. But there is no path to transfer the data from
node H to A. So it reveal that the directed garph works like a one way road in which data

transfer from one node to another node but it can not be followed back.
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Table 4.1: Manual inspection table for undirected graph

S.No. | Node | Path Delay Intermediate Nodes
L | A AL, 1 0
ASFES 15 45 2
ASB L GIHS 6.5 3
ASF S G5 HO 55 3
2. B g5 el 25 1
BSAS] 3 1
B2GLGSI 4.5 2
3. C [c2nl; 3 1
cBrE31d 4 2
ciD3HS 5 2
C—>H1—'§G—>Ii>\] 5.5 3
4 | D |pindy 3 1
DEGHBHS 4 2
pAcBE313) 6.5 3
3 E (g2, 1 0
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2 1.5 1 4.5 2

On manual inspection of the undirected graph is shown above table 4.1. Various paths
have been observed for single source shortest path problem. For the node J, different
paths have been observed. For node A and B there are various paths directed to other
nodes and many nodes have to be traversed for reaching that node. For the transmission
of the data to a particular node from A and B there can be multiple paths but a path with

minimum delay or minimum intermediate nodes is needed.

Froam To Distance Route
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Figure 4.1 Shortest paths to all other nodes from node A and B

From the results obtained above it has been observed that transmitting the data from node
A to node D takes maximum time is 4ns and has two intermediate nodes. If another path
is considered from node A to node D, time taken has been found greater than or equal to
4ns. If a random path A—-F - G — D is taken, it will take 4.5ns and number of

intermediate nodes will be two. Hence, there will not be any change in the terms of
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intermediate nodes but time taken for the data transfer from source node to destination

node has been reduced by:

5
s X 100 = 11.11%.

The probability of error for node failure is same because there is no change in the
intermediate in the random path taken. So shortest paths to all the nodes has been
calculated which are helpful in resolving timing constraints and saving of resources. The
following results have been achieved for the single destination problem, if C and D be

the source. All the shortest paths has been found for all other nodes.
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Figure 4.2 Shortest paths from node C and D to all other nodes

It has been observed that maximum amount of time to reach node I, from node C which is
3.5ns and one intermediate nodes are transversed. If a random path C - H — I, taken,
then data will takes 4 ns to reach node | from node C and intermediate nodes remain 1.
Hence, the time needed to send the data from source node to destination node is reduced
by:

.5

y x 100 = 12.5%
In this case, there is no change in the number of traversed nodes or the number of
intermediate nodes to reach node | from node C but the time required to reach that node
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reduces by 12.5%. In this case, there is no probability of error for node failure because of
the intermediate node is not changed. The following result, have been observed for the
single destination problem, if E and F be the source. The following result describes the

shortest path from node E and F to all other nodes.
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Figure 4.3 Shortest paths from node E and F to all other nodes

It has been observed from above figure 4.3 that the path from node E to node D has
maximum time of 4ns. There are two intermediate nodes. If the other path is taken from
node E to node D, that is E - B = C — D, then the time needed to reach node D from
node E is 4.5 ns and intermediate nodes to be traversed are same. So, the time needed is

reduced by:
-5 x 100 = 11.11%
45 T

In this case there is no probability of error for node failure because the reason is same, no
change in intermediate node. If there is change in intermediate node than the change in
probability of error for node failure has been caculated by the formula which is given in

following equation:

P G R ——— @
k=1
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The following result gives the shortest path to all the nodes from node G and H.
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Figure 4.4 Shortest paths from node G and H to all other nodes

From the above result, it has been observed that time taken by data to reach from node H
to node B is maximum which is 3.5 ns. The number of intermediate nodes which has to
be crossed for node H to node B is one . If the other path is taken from node H, H - D —
C — B, the time taken to reach from node H to node B will be 6 ns and number of

intermediate nodes is two. So the time is reduced by:

2.5

Thus result shows that there is change in the intermediate nodes and the time taken is
reduced by 41.66%. Here the change in intermediate node is occured so the probability of

error for node failure is calculated by the formula given below:

n

D () (@)

k=1

n—k

The probabilty of error for node failure is 0.19.
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The shortest path to all other nodes from node | and J is shown below.

F roam Toiw Distance Route

Figure 4.5 Shortest paths from node | and J to all other nodes

From the above result, it has been observed that the path form node | to node B has
maximum time of 3.5ns. The number of intermediate nodes which is needed to be
crossed on this path is one. If the optimized path I - G — B is considered for node | to
node B, then the time taken is 4ns and number of intermediate nodes is same. Now the

optimized path as compared to the other arbitrary path is reduced by:
0.5
T X 100 = 12.5%

When one node is failed, effect on data transsmission can be analyzed by manual
inspection and simulation result. By assuming node B is failed in graph, all the shortest
paths from one node to all other nodes have been calculated. If node B is failed, it means
that node B is not working, it neither recieves any kind of data nor send. Table 4.2 shows
the manual inspection. It shows the data tranmission from one node to all other possible
nodes in the graph. In the manual inspection the data trasmission path from node B is
taken as infinity because the node B is failed in the graph so all the paths from this node is

considered as infinity.
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Table 4.2 : The manual inspecton table for the one node failuar condition.

S.No. | Node | Path Delay Intermediate Nodes
1. A 1AL 1 0
ASFES 15 45 2
ASES c3HS 6 3
ASFES G HS 5.5 3
2. B Infinite _ _
3. C 1c2hHd; 3 1
CEF3 15 45 2
C—>D3>Hi>\] 5 2
ciHBci13; >3 3
D [pinb 3 I
DSGSHS 4 2
D3CSFS IS 6.5 3
5. E [g1; 1 0
315 3 .
ESFSAS) 35 2
6. F g5 al; 2.5 1
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Figure 5.1 is first simulation result taking the condition of one node failure. In this figure,
the distance from node B to other node, and other node to B is infinity, which shows that
node is failure or is not in working condition. All the shortest path from node A and B to

all other node is shown in figure 5.1.

. |
From To Distance Route

1-6-3
1-10-8-4
1-10-5
1-6
1-6-7
1-10- 8
1-10-9
1-10

Figure 5.1 Shortest paths from node A and B to all other nodes
When one node in failure condition

From above result, it has been observed that the path from node A to node D has
maximum time of 4ns. The number of intermediate nodes which has to be crossed from
node A to node D is two. If the other path is taken from node A, A—- F - C - D, then
the time taken by data to reach from node A to node D will be 5ns and number of

intermediate nodes is two. Thus the time needed with selected path is reduced by:
=% 100 = 20%.
Thus there is no change in the intermediate nodes but the time taken is reduced by 20%.

So, by using simulation result 20% time has beens reduced to transmit data from node A

to node D. This improves the system performance.
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All the shortest path from node C and D to all other node is shown in figure 5.2.

I ———
From To Distance Route

v
s
=

1
1
Ln

| I | 1
R R -
-
==

3
3
3
3
8
3
3
4

Figure 5.2 Shortest paths from node C and D to all other nodes

When one node in failure condition

The above result reflects that the path from node A to node D and from node D to node E
have maximum time of 4ns. The number of intermediate nodes which has to be crossed
from node D to node E is two . If the other path, D > H -] - A - F - E is considered
from node D, then the time taken by data to reach from node E to node D is 7.5ns and

number of intermediate nodes is four. Thus the time needed with selected path reduces
by:

35 X 100 = 46.66%
75 TR

Thus it has been observed that there is no change in the intermediate nodes but the time
taken is reduced by 46.66%. So, by using simulation result 46.66% time has been

reduced to transmit data from node D to node E.
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All the shortest path from node E and F to all other node is shown in figure 5.3.
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Figure 5.3 Shortest paths from node E and F to all other nodes

When one node in failure condition

From the above result, it has been observed that the path from node E to node D has
maximum time of 4ns. The number of intermediate nodes which has to be crossed from
node E to node D is two . If the other path, E - F - A —> ] — H — D is considered from
node E, then the time taken to reach from node E to node D is 7.5 ns and number of

intermediate nodes is four. So, the time needed with selected path is reduced by:

35 X 100 = 46.66%
7.5 I

So result shows that there is no change in the intermediate nodes but the time taken is
reduced by 46.66%. So, simulation result time reduce by 46.66% to transmit data from

node E to node D.
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All the shortest path from node E and F to all other node is shown in figure 5.4.
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Figure 5.4 Shortest paths from node G and H to all other nodes

When one node in failure condition

From the result, it has been observed that path takes maximum time to reach node A from
node G is 3.5ns. The number of intermediate nodes which has to be crossed for node G to
node A is one. If any other random path has been taken from node G, G - 1 - ] - A,
then the time taken to reach node A from node G is 4ns and intermediate nodes is two.

So, the time needed with selected path is reduced by:
.5
y x 100 = 12.5%

So result shows that there is no change in the intermediate nodes but the time taken is
reduced by 12.5%. So, simulation result time reduce by 12.5% to tramission data from
node G to node A.
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All the shortest path from node E and F to all other node is show in the figure 5.5

|
F rom To Distamnce Route

1
L
oW

1
== 08 = &

9
9
9
g_
9
9
9
1

™
-

Figure 5.5 Shortest paths from node | and J to all other nodes

When one node in failure condition

From the result, it has been observed that path takes maximum time to reach node C from
node | which is 3.5ns and From node | to node D has same time 3.5ns. The path node | to
node C concider here. The intermediate nodes which has to be crossed for node | to node
C is one. If any other path, I - j - H — D — Cis considered from node I, then the time
taken to reach node C from node | will be 6ns and the number of intermediate nodes is
three. Thus the time needed with selected path is reduced by:
22 X 100 = 41.66%.

So result shows that there is no change in the number of intermediate nodes but the time
taken is reduced by 41.66%. So by using simulation result 41.66% time is reduced to
tramission data from node | to node C. When multiple node is failed simultaneouly, then

effect on data transsmission can be analyzed by manual inspection and simulation result.

Here node B and F in failure condition. Manual inspection and simulation analyzed again
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for this condition . First of all manual inpection carried out which is show in the table 4.3.

In manual inspection node B and node F show the infinity path.

Table 4.3: Manual inspection table for undirected graph when multiple node are failed

S.No. | Node | Path Delay Intermediate
Nodes
1. A TAL] 1 0
2. B Infinite _ _
31 C lciudy 3 1
CADSHSG 5157 8.5 4
C—>D3>Hi>\] 5 2
C—>H1—'EG—>I1>J 5.5 3
4. D [p2ul; 3 1
DSGSHS) 4 2
DSC3HS 15 ! 3
5. E [g1; 1 0
ES15) 3 !
E—>IE>H—>J 5 2
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6. Infinite _
I GEH 2.5
G515 3
GHEDIHS] 4.5

8. HS 1
H 315 25

HSG 515 45
HSG315ES) 6.5

9. 15 1
Y= 3

1265 H5) 4.5

s 6.5

Table 4.3 show the manual inspection when two node is simultaneously failed in the

graph.
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All the shortest path from node A and B to all other node is show in the Figure 6.1.
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Figure 6.1 Shortest paths from node A and B to all other nodes

When the two node are simultaneously failed.

From the result, it has been observed that path takes maximum time to reach node C from
node A is 4ns and From node A to node D is the same time 4ns. Consider the path node A
to node C. The number of intermediate nodes which has to be crossed for node A to node
C is two. If other random path, A - j - H - D — C is considered from node A, time
taken to reach node C from node | is 6 ns and the number of intermediate nodes is three.

Thus the time needed with random selected path is reduced by:
2
3 x 100 = 33.33%

There is no change in the intermediate nodes but the time taken is reduced by 33.33%. To
calculate the probability of error for node failure is by usin the formula which is shown

below. In this case there is the value of n is 2.
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. 1 k 9 n-k
D kelso) (0
k=1
Hence the probability of error in this codition is 0.19.
All the shortest path from node C and D to all other node is show in the figure 6.2.

|
From To Distance Route

Figure 6.2 Shortest paths from node C and D to all other nodes

When the two node are simultaneously failed.

From the result, it has been observed that it takes maximum time to reach node | from
node C which is 4ns and From node D to node A has same time 4ns. If a random path
node C to node | is reduced. The number of intermediate nodes which has to be crossed
for node C to node I is two. If other path, C > D - H — j = I is taken from node | the
time taken to reach node | from node C will be 6ns and there is three intermediate nodes.

Thus the time needed with selected path is reduced by:

2
Z X 100 = 33.33%
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There is no change in the intermediate nodes but the time taken is reduced by 33.33%.
To calculate the probability of error for node failure is by using the formula which is
show in below. In this case there is the value of n is 2.

n
n-k
n

1\*/9
> el (2)
k=1
Hence the probability of error in this codition is 0.19.

All the shortest path from node E and F to all other node is show in the figure 6.3.
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Figure 6.3 Shortest paths from node E and F to all other nodes
When the two node are simultaneously failed.

From the result, it has been observed that path it takes maximum time to reach node C
from node E which is 4ns and From node E to node D path has same time 4ns. If
consider the random path node E to node D the intermediate nodes crossed for node E to
node D is 2 . If any other random path has been taken from node E,E - 1 - G - H - D,
the time taken to reach node D from node E will be 7.5ns and there were three

intermediate nodes. Thus the time needed with selected path is reduced by:
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35 %X 100 = 46.66%
75 TR

There is no change in the intermediate nodes but the time reduced by 46.66%. It
improves overll circuit performance and efficiency. To calculate the probability of error
for node failure the formula which is given in below. In this case there is the value of n is
2.

. 1 k 9 n-k
D kelso) (0
k=1
Hence the probability of error in this codition is 0.19.
All the shortest path from node E and F to all other node is show in the figure 6.4.

From To Distance- Route

Figure 6.4 Shortest paths from node G and H to all other nodes

When the two node are simultaneously failed.

From the result, it has been observed that it takes maximum time to reach node A from
node G which is 3.5ns and From node G to node C path has same time 3.5ns but the
diffirence is that there is less number of intermediate node so prefer the the path G node
to node C. If path G node to C node consider, the intermediate nodes which has to be
crossed for node G to node C is 1. If any other random path has been taken from node G,
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G—-1- H - D - C, the time taken to reach node C from node G will be 8ns and there

were 3 intermediate nodes. Thus the time needed with our selected path is reduced by:

4.5
Y X 100 = 56.25%

There is no change in the intermediate nodes but the time taken is reduced by 56.25%. It
improves overall circuit performance and efficiency. The Probability of error for node

failure is calculated by the formula which is given below:

zn ne (1_10)k (%)n_k here the value of n is 1.

k=1
Hence the probability of error in this codition is 0.1.

All the shortest path from node E and F to all other node is show in the figure 6.5.

Froarm To Distance Route

Figure 6.5 Shortest paths from node | and J to all other nodes

When the two node are simultaneously failed.

From the result, it has been observed that it takes maximum time to reach node C from
node | which is 4ns . The path from node | to node C is consider here. The number of
intermediate nodes which has to be crossed for node | to node C is one. If any other path

has been taken from node I, I - j - H — D — C, the time taken to reach node C from
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node | will be 6ns and there is three intermediate nodes. Thus the time needed with

selected path is reduced by:
2.5
e X 100 = 41.66%

Thus it has been seen that there is change in number intermediate nodes and the time
taken is reduced by 41.66%. Probability of error for node failure is calculated by the

formula which is show blow

n

D ielin) ()

k=1
Hence the probability of error in this codition is 0.19. That improve our system

performance.
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CHAPTER

5 CONCLUSIONS AND FUTURE SCOPE

The literature survey has been carried out by considering the various parameters such as
processing speed, accuracy and scheduling algorithms. The observations from the
literature survey have been stated in the chapter 2 which clearly highlights that the
performance of the network to handle real time tasks enhanced by employing the
scheduling algorithms. The various scheduling algorithm is analysed and also compared
to all scheduling algorithm. The implementation of shortest path algorithm has been
evaluated for the tasks. The problem for finding the shortest path in the communication
network has also been taken and simulated accordingly. Evaluation of shortest path and
probability of error for different nodes have been done. Resources optimization has been
achieved in our technique as it only involves the optimal path between two nodes using
the “TORA” software.
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