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Abgract

Computational Grid is the next generatf distributed computing systems. They
allow the sharing of geographically distributedo@ses in an efficient way, extending
the boundaries of what is perceived as distribotadputing. Various science applications
can benefit from the use of grids to solve CPUsieiee problems, creating potential
benefits to the entire society. With further deyefent of grid technology, it is very
likely that corporations, universities and publistitutions will exploit grids to enhance
their computing infrastructure. In recent yearsréhkas been a large increase in grid
technologies research, which has produced someeneie grid implementations. Grid
Computing has progressed a lot, still the areas liksource management, resource

scheduling, load balancing and security have maajlenges that need to be addressed.

Scheduling is an integral part of Grid computinge& though middleware support for grid
computing has been the subject of extensive relseanheduling policies for the grid
context have not been much studied. In additiopré@essor utilization, it is important to
consider the waiting time, throughput, and respotisees of jobs in evaluating the
performance of grid scheduling strategies. In thesis a distributed scheduling algorithm
has been proposed and designed that is based @yti@nic time Quantum technique.
Dynamic time Quantum technique improves the perfoiea in terms of time delays. The
algorithm has been implemented in Java and funtédated in Condor scheduler. The
experimental results depict the efficiency of tlgpathm based on Dynamic Time Quantum

technique.
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Chapter 1

| ntroduction

Grid is emerging as a wide-scale infrastructurd fhramises to support resource
sharing and coordinated problem solving in dynammujlti-institutional virtual
organization [1]. Grid computing applies the resesr of many computers in a
network for a single problem at the same time -allguo a scientific or technical one
that requires a large number of computer processmbps or access to large amounts
of data. Grid computing can be thought of as disted and large-scale cluster
computing and as a form of network-distributed palrarocessing.

This chapter introduces Grid computing, discussesitathe history, types, and the
motivation of this research work and finally giibe framework of this thesis.

1.1 Grid Computing

Grid computing is gaining a lot of attention withhre IT industry. Grid computing is a
distributed computing taken to the next evolutigniavel. It provides the electronic
foundation for a global society in business, gowsnt, research, science and
entertainment. The goal is to create the illusiba targe and powerful self managing
virtual computer out of a large collection of cooteel heterogeneous systems sharing
various combinations of resources. The Grid conmgutintegrates networking
communication, computation and information to pdevia virtual platform for
computation and data management in the same waythkalnternet integrates
resources to form a virtual platform for informatig].

Grid computing is analogous to a power grid. When plug an appliance or other
object requiring electrical power into a receptathe power is available. The vision
of Grid computing is similar. Individual users carcess computers and data, or even
contribute its resources to the existing Grid, with having to consider location,
operating system, account administration, and otietails. The resources are not
visible to the user, just as the consumer of aeleg@ower is unaware of how their
electricity is being generated.

Grid infrastructure will provide us with the abylitto dynamically link together
resource as an ensemble to support the executitergd-scale, resource-intensive,
and distributed applications [5].

Grid applications often involve large amounts otadand computing and often



require secure resource sharing across organiahtmundaries. Sharing resources
over the Internet raises many technical problemsh sis large pool of resources, the
heterogeneity of platforms, the diversity in usehdviors and the lack of reliability. In
the next few years, the Grid holds the potentiafdimdamental infrastructure not only
for e-Science but also for e-Business, e-Governmer8cience and e-Life. This
emerging infrastructure will exploit the revolutemriven by Moore's law [2] for

CPU's, disks and instruments as well as Gildewg[# for (optical) networks.
1.2 History of Grid

The term “Grid” was coined in the mid 1990s to dena proposed distributed
computing infrastructure for advanced science andineering. The concept of
computational Grid has been inspired by the ‘eiegiower Grid’, in which a user
could obtain electric power from any power statijpresent on the electric Grid
irrespective of its location, in an easy and rééamanner. Whenever additional
electricity is required, just plug into a power &to access additional electricity on
demand, similarly for computational resources piotp a computational Grid to

access additional computing power on demand usigj Btonomical resources [8].
Table-1.1 Historical Background of the Grid [8]

Technology Y ear
Networked Operating Systems 1979-81
Distributed operating systems 1988-91
Heterogeneous computing 1993-94
Parallel and distributed computing 1995-96
The Grid 1998

Cluster and Intranet computing are the parentsidfapmputing as shown in Figure
1.1. They came in existence, but there were maawlaicks due to which both
technologies couldn’t survive for a long time. Té&s collection of interconnected
computers which are tightly coupled in cluster catimgy. This computing is cost
effective but communi- cation overhead, resourcstage and maintenance are its

major drawbacks [14].



Cluster GComputing

Intranet Computing

Gricd Computing

Figure 1.1: Evolution of Grid [14]

1.3 Characteristics of Grid Computing

In today’s complex world computers have becomeeaxély powerful and they are
enough capable to run more complex problem, &idtd are many complex scientific
experiments, advanced modeling scenarios, genortehimg, astronomical research,
a wide variety of simulations, complex scientificb&siness modeling scenarios and
real time personal portfolio management, which mequhuge amount of
computational resources. To satisfy some of thémementioned requirements, Grid
computing is being utilized [4]. Following are thmenefits that Grid computing
provides to user community, developer community anigrprise community as well
[6].

(a) Exploiting Underutilized Resources

In most organizations, there are large amountsidérutilized computing resources.
Most desktop machines are busy less than 5 peroénthe time. In some
organizations, even the server machines can otterelatively idle. Grid computing
provides technique for exploiting these underwgtizresources. Data Grid can be
used to aggregate the un- used storage into a taugér virtual data store. Also a
Grid can provide a consistent way to balance tleldoon a wider federation of

resources [10].



(b) Parallel CPU Capacity

The potential for massive parallel CPU capacityris of the most attractive features
of a Grid. In addition to pure scientific needsslseomputing power is driving a new
evolution in industries such as the bio-medicalldfiefinancial modeling, oil
exploration, motion picture animation, and manyeoth The common attribute
among such uses is that the applications have Wwa#an to use algorithms that can
be partitioned into independently running parts][Many industries and scientific
communities require the use of parallel computingorder to run applications or
solve certain problems. Grid computing providesaanework that allows jobs to be
split up into multiple sub jobs, and each sub-jah be made to execute in parallel on
different machines [10].

() Access to Additional Resources

Grid users can access resources that they mightamotally have access to. For e.g.,
an organization might have a Grid machine conneitteah electron microscope or a
telescope. Some machines may have expensive ltestdtvare installed that the
user requires. Grid users who do not normally heaeess to such equipment can be
given access to it, whether they belong to theroegdion or not [10].

(d) Resource Balancing

The Grid framework provides the proper utilizatmin resources. For e.g., jobs can be
scheduled to run on idle machines or machines leithactivity levels. Grids also
offer load balancing. If jobs running on Grid regua high level of communication
between each another, they could be schedulednarmer that minimizes the cost of
communication or the amount of traffic on their egoumication lines [10].

(e) Reliability

Grid provides reliability in terms of failure at @mocation; the other parts of the Grid
are not likely to be affected. Grid management veafé can automatically or
manually resubmit jobs most of the times to othexchines on the Grid when a
failure is detected. In critical, real-time sitwats, multiple copies of the important
jobs can be run on different machines throughoet @rid. Their results can be
checked for any kind of inconsistency, such as adsrpfailures, data corruption, or

tampering; thus offering much more reliability [10]



1.4 Typesof Grid

Grid can be classified on the basis of two parareetamely functional and topology
as discussed below:-

(i) Functional classification

According to the distinctly targeted applicatiomlras, Grid systems can be classified
into two categories. But there are actually no haodndaries between these Grid
categories. Real Grids may be combination of twtheke types. The two categories
of grid systems are described below:

(a) Computational Grid

Computational Grid is hardware and software infradtire that provides dependable,
consistent, pervasive, and inexpensive accessgtodnd computational capabilities
and that enables coordinated resource sharing rwithynamic organizations
consisting of individuals, institutions, and resmes. Thus computational Grid is
designed so that users won't have to worry abowreviscientific and engineering
computations are being performed [1].

(b) Data Grid

In present time Grid application areas are shifttrgm scientific computing to
industry and business applications, that's why datads is an enhancement of
computational Grids, and have been designed te,stoove, and manage large data
sets exploited in distributed data-intensive agpions [12]. Data Grid represents a
combination of large data sets, currently terabgies will grow to petabytes due to
geographic distribution of users, resources and peoational intensive analysis
results in complex and strict performance demardg tannot be satisfied by
ordinary data infrastructure [20].

(c) Semantic Grid

Semantic Grid is supported by two key building B®e semantic web technologies
for creating and maintaining models (ontology's)dasemantic aware services and
protocols for exchanging metadata [7]. Semantidd @Ggian extension of Grid and
provides the infrastructure that systematically aggs the complete lifecycle of
metadata. Semantic Grid aims to provide an infuatire within the Grid middleware
providing a core set of services and protocolsugpsrt the sharing and management
of all aspects of metadata. This will enable urcpdited reuse of Grid services and

resources, better support for interoperability, #exible Grids [9].



(d) Knowledge Grid

Knowledge Grid is an intelligent, sustainable intdrapplication environment that
enables people or virtual roles (mechanisms tlalitéte interoperation among users,
applications, and resources) to effectively captuneublish, share, and manage
explicit knowledge resources [11].

(e) Service Grid

Service Grids are created in order to realize tgness potential of web services.
Service Grids represent distributed architectunahgonent that realize an array of
service business or utilities owning and deployspgcific enabling services. Services
businesses on the other hand, may either be siedand independent businesses or
revenue centers within larger enterprises offethigr specialized enabling services
to other enterprises [19].

(ii) Topology classification

Grids can be built in all sizes, ranging from jastew machines in a department to
groups of machines organized as hierarchy sparthexgrorld. Grids can be classified
into three categories according to the topologgrad; these are intra grid, extra grid
and inter grid.

(a) Intragrid

A typical intragrid topology, as illustrated in kigg 1.2, exists within a single
organization, providing a basic set of Grid sersice

Figure1.2: Intragrid [10]
The single organization could be made up of a nunobecomputers that share a
common security domain, and share data internallg private network. The primary

characteristics of an intragrid are a single ségymiovider, bandwidth on the private



network is high and always available, and thegessigle environment within a single
network. Within an intragrid, it is easier to des@nd operate computational and data
Grids. intragrid provides a relatively static séicomputing resources and the ability
to easily share data between Grid systems [10].

(b) Extragrid

Based on a single organization, the extragrid estpamn the concept by bringing
together two or more intragrids. An extragrid, Bgstrated in Figure 1.3 typically
involves more than one security provider, and #hesll of management complexity
increases. The primary characteristics of an exttaaye dispersed security, multiple
organizations, and remote/WAN connectivity Within axtragrid, the resources

become more dynamic [10].

(¢) Intergrid

................
- Gl - Glob us Usig uincuss
2 fheie Foreo (S5 ) Simgis e iy Tosod Cegin@atan
- .

Figure 1.4: Intergrid [10]



An Intergrid has an analogy with the internetslthe most complicated form of Grid
topology. The primary characteristics of an intefginclude dispersed security,
multiple domains and WAN connectivity [10].

1.5 Grid Resour ce Management System

A computational Grid is a hardware and softwarerastiructure that provides
dependable, consistent, pervasive, and inexpemsioess to high-end computational
capabilities [10]. Grid Resources can be computststage space, instruments,
software applications, and data, all connectedutjinahe Internet and a middleware
software layer that provides basic services foruggg monitoring, resource
management, and so forth.

To manage Grid resources@Gid Resource Management System is required which
deals with the process of identifying requirementaiching resources to applications,
allocating those resources, and scheduling andtororg Grid resources over time in
order to run Grid applications as efficiently asgible.

1.6 Grid Scheduling

Grid scheduling is defined as the process of makuigeduling decisions involving
resources over multiple administrative domains.sTgriocess can include searching
multiple administrative domains to use a single Imra& or scheduling a single job to
use multiple resources at a single site or mulspkes.

Job: anything that needs a resource - from a battdwequest, to an application, to a
set of applications (for example, a parameter syveep

Resource: anything that can be scheduled: a maahshkespace, a QoS network etc.

Joals and -.aubphs hew rLIm

E&
Tete
[Applhﬂtlm]

Job schedul=r

Cullactmg reeata

Figure 1.5:Application isone or morejobsthat are scheduled torun on grid [10]



Grid Scheduling is a software framework with whitle scheduler collects resource
state information, selects appropriate resourcesligis the potential performance for
each candidate schedule, and determines the besdide for the applications to be
executed on a Grid System subject to QoS goals.

Grid Resource Management involves several diffefapérs of schedulers. At the
highest level are Grid-level schedulers that mayeha more general view of the
resources but are very "far away" from the resainatrere the application will
eventually run. At the lowest level is a local nesi® management system that
manages a specific resource or set of resourcgs [10

1.7 Resear ch Motivation

Grid Computing enables aggregation and sharing edggaphically distributed
computational, data and other resources as singléed resource for solving large
scale compute and data intensive computing apmitatManagement of these
resources is an important infrastructure in thedGeomputing environment. It
becomes complex as the resources are geographaisihbuted, heterogeneous in
nature, owned by different individual or organipas with their own policies, have
different access and cost models, and have dyndymeaying loads and availability.
The conventional resource management schemes sed ba relatively static model
that have centralized controller that manages poix resources accordingly. These
management strategies might work well in those caley regimes where resources
and tasks are relatively static and dedicated. Wewehis fails to work efficiently in
many heterogeneous and dynamic system domainsGlike where jobs need to be
executed by computing resources, and the requireafahese resources is difficult
to predict.

Due to highly heterogeneous and complex computmgr@enments, the chances of
faults increases [15], and therefore number of uess available to any given
application highly fluctuates over time which redscthe performance and the
efficiency. Therefore it is necessary to designezimanism for scheduling to improve
the efficiency in such infrastructure.

This work focuses on scheduling in a Grid environtn&rid application performance
is critical in Grid computing environment. So tchaave high performance there is a
need to understand the factors that can affegbéhf®rmance of an application due to
Scheduling, which is one of most important facttihat influence the overall

performance of application.



1.8 Thesis Organization

Chapter 2 explains what Grid scheduler is, its ieckure and various challenges in
grid scheduling. It also describes the Grid schedulprocess, types of Grid
scheduling and various approaches associatedtwith i

Chapter 3 describes the problem formulation.

Chapter 4describes implementation detail of the Grid Schedule

Chapter 5 describes the experimental results gbgsed algorithm and Comparisons of
proposed algorithm with the existing algorithms

Chapter 6 summarizes the work presented in thsgHellowed by future scope of this

work
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Chapter 2

Literature survey

Grid scheduling is defined as the process of maktigeduling decisions involving
resources over multiple administrative domainssTgrnocess may include searching
multiple administrative domains to use a single mvae or scheduling a single job to
use multiple resources at a single site or multgtes. This chapter surveys Grid
scheduling procedure, Architecture and Challeng&3rid scheduling [10].

2.1 Grid Scheduling Procedure

A user goes through three stages to schedule\atjeh it involves multiple Grid sites.
Phase one is resource Discovery, in which the msdes a list of potential resources to
use. Phase two involves gathering information abmsge resources and choosing a best

set to use. In the phase three the user runslihe jo

Phase One-Resource Driscovery

[1. Anwworizatian Filieting |

Phase Three- Job Execution

[2. Applicatinn Defirition |

le. Advance Reservation |

[3. Min. Requirement Filierinﬂ IT' T |

§. Preparation Tasks |

Phase Two - System Selection / 19. Monitoring Prograss |
| 10 Job Complation I

|4. [nformation Galbering |

| 11, Clean-up Tasks |

|.5. System Selection I

Fig 2.1: Resour ce Scheduling Phases [10]
Phase 1: Resour ce Discovery
Resource discovery is the process that takes as$ apser request and returns a list
of resources or services that can possibly fulil given request. Resource discovery
is the first phase of resource scheduling. It imesl the user selecting a set of
resources. At the beginning of this phase, thentiateset of resources is the empty
set, and at the end of this phase, the potentialf sesources is some set that has passed

a minimal feasibility requirement [10].
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Stepsin Resour ce Discovery

* Authorization filtering,

» Application requirement definition

* Minimal requirement filtering

Step 1: Authorization Filtering

It is generally assumed that a user will know whiesources he or she has access to
in terms of basic services. At the end of this skepuser will have a list of machines
or resources to which he or she has access.

Step 2: Application requirement definition

In order to proceed in Resource Discovery, the nsast be able to specify some
minimal set of job requirements in order to furtfiter the set of feasible resources.
The set of possible job requirements can be veygdyrand vary significantly between
jobs. This may include static details such as dpgraystem or hardware for which a
binary of the code is available. Dynamic detaiks @so possible e.g. a minimum RAM
requirement, connectivity needed. This may incladg information about the job that
should be specified to make sure that the job cbelthatched to a set of resources.
Step 3: Minimal requirement filtering

Given a set of resources to which a user has acaedsthe minimal set of
requirements the job has, the third step in theo&eg Discovery phase is to filter out
the resources that do not meet the minimal jobirements. The user generally does
this step by going through the list of resourced alminates the ones that do not
meet the job requirements. It could also be contbiwéh the gathering of more
detailed information about each resource. Howew#en being done by hand, if a
user can eliminate an inappropriate resource doige at this stage to simplify the
information gathering in the next phase [10].

Phase 2: System Sedlection

Given a group of possible resources (or a groupassible resources set), all of
which meet the minimum requirements for the jobsiagle resource (or single
resource set) must be selected on which to schéukijeb.

Stepsin System Selection

* Information Gathering

» System selection

12



Step 4. Gathering Information (QUERY)

In order to make the best possible resource matalser needs to gather dynamic
information about the resources in question. Depmgnon the application and
resource in question, different information may reeded. Take for instance the
simple case of finding the best single resourceafb to run on. A user might want
to know the load on the various machine(s) and guengths if the machine has
gueues. In addition, physical characteristics afthare requirements play a role, is
the disk big enough for the data etc. then theed@ration/connectivity issues is the
machine close enough to the data store. All ofehgsues are multiplied in the case
of multiple resources. Making an advance reseraatiay or may not be a part of this
step.

Step 5: Select the system(s) to run on

Given the information gathered by the previous ,séegecision of which resource (or
set of resources) should the user submit a jobaidenin this step. This can be done in
variety of ways. Note that this does not addresssttuation of speculative execution,
where a job is submitted to multiple resources &whdn one begins to run the other
submissions is cancelled [10]

Phase 3: Job Execution

The third phase of scheduling is running a jobsTihvolves a number of steps [23]:

» Advance Reservation

» Job Submission

* Preparation Tasks

* Monitoring Progress

» Job Completion

» Clean-up Tasks

Step 6: Advance Reservation (Optional)

In order to make the best use of a given system,gpall of the resources may have
to be reserved in advance. Depending on the respancadvance reservation can be
easy or hard to do and may be done with mechamdns or human means.
Moreover, the reservations may or may not expitd wr without cost. One issue in
having advance reservations become more commdmeinded for the lower-level

resource to support the fundamental services ondtiee resources [22].
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Step 7: Submit Job to Resources

Once resources are chosen the application musthreitted to resources. This may
be easy as running a single command or as comgiiGet running a series of scripts,
and may or may not include setup or staging.

Step 8: Preparation Tasks

The preparation stage may involve setup, claimingservation, or other actions
needed to prepare the resource to run the applca®ne of the first attempts at
writing a scheduler to run over multiple machineémerica’s National Aeronautics
and Space Agency (NASA) was considered unsuccebsftduse it did not address
the need to stage files automatically [22].

Step 9: Monitoring Progress

Depending on the application and its running tiosers may monitor the progress of
their application and possibly change their mindudhwhere or how it is executing.
Such monitoring is done by repetitively querying tiesource for status information.
If a job is not making sufficient progress, it mag rescheduled. Such rescheduling is
significantly harder on a Grid system than on @lsiparallel machine because of the
lack of control. It may be possible to develop &ddal primitives for interactions
between local systems and Grid Schedulers to mhisebtehavior more straight
forward.

Step 10: Job Completion

When the job is finished, the user needs to bdiedtiOften, submission scripts for
parallel machines will include an e-mail notificati parameter. For fault-tolerant
reasons, however, such notification can prove gingly difficult. Moreover, with
SO many interacting systems one can easily envstoations in which a completion
state cannot be reached. And of course, end-tgerfdrmance monitoring to ensure
job completion is a very open research questioh [22

Step 11: Cleanup Tasks

After a job is run, the user may need to retrieles ffrom that resource in order to do
data analysis on the results, remove temporaryngsttand so forth. Any of the
current systems that do staging (Step 8) also karldhnup. Users generally do this
by hand after a job is run, or by including clegn-information in their job
submission scripts [22].
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2.2 Grid Scheduler Architecture

The generic Grid Scheduler architecture providesigh-level view of Grid

Schedulers. Every component seems necessary for canmyprehensive Grid

scheduling System [16]. Generic Scheduler doefotlmaving:

* Interact with local resource managers

* Interact with external services that are not defimethe Grid scheduling

Architecture, like information, forecasting, subsit, security or execution services

* Receive a scheduling Problem

* Calculate a schedule, and return a schedulingidecis

Real resources lay on the bottom of the architecta the Figure 2.2 each being

Managed by &ocal Resource Manager (LRM). AiRM act as the interface between a

Grid Scheduler and a local autonomous site. An LBesource Manager (LRM) is

responsible for :

* local scheduling inside a resource domain, whetenly jobs from exterior Grid
users, but also jobs from the domain's local user®xecuted, and

* reporting resource information to GIS.

Examples of such local schedulers include OpenP®BE Gondor. An LRM also

collects local resource information by tools sushNetwork Weather Service [17].

(@) Information Service (IS)

Information about the status of available resoursesery important for a Grid
Scheduler to make a proper schedule, especially wieeheterogeneous and dynamic
nature of the Grid is taken into account. The miahe Grid information service
(GIS) is to provide such information to Grid Schieds. GIS is responsible for
collecting and predicting the resource state infiran, such as CPU capacities,
memory size, network bandwidth, software availéibsi and load of a site in a
particular period. GIS can answer queries for resouinformation or push
information to subscribers. The Globus Monitorimgl ®iscovery System (MDS) [18]
is an example of GIS [17].
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Figure2.2: General Grid Scheduler Architecture[16]

(b) Application Profiling and Analytical Benchmarg (AP and AB)

Application profiling (AP) is used to extract proges of applications, while

analogical benchmarking (AB) provides a measurehav well a resource can
perform a given type of job. On the basis of knage from AP and AB, and

following a certainperformance model, cost estimation computes the obs

candidate Schedules, from which the Scheduler @sotwse that can optimize the

objective functions [17].

(c) Grid Scheduler (GS)

This is the core component in the architecture. Gl¥eneeds to do two jobs: one is
resource selection and the other one is mappingouRee selection is the process of
selecting feasible and available resources forvargiapplication to be scheduled.
Mapping is the process of placing the jobs and camoations of the application
onto the resources and networks. Each mappindosftipfeasible resources produces a

candidate schedule. Each candidate schedule isestmated for its performance

16



potential based on the performance model.

(d) Resource Allocation (RA)

This component implements a finally determined dake through allocating the
resources to the corresponding jobs. Resourceasibtocmay involve data staging and
binary code transferring before the job starts xecete on the computational

resource.
2.3 Challengesin Grid Scheduling

Although Grids fall into the category of distribdtparallel computing environments,
they have a lot of unique characteristics, whictkenhe Scheduling in Grids highly
difficult. An adequate Grid scheduling system skooVvercome these challenges to
leverage the promising potential of Grid systemsyvigling High-Performance

services [21].

2.3.1 Resource Heterogeneity

A Grid has mainly two categories of resources: oetw and computational
resources. Heterogeneity exits in both of the tvategories of resources. First,
networks used to interconnect these resources nfiey dignificantly in terms of
their bandwidth and communicational protocols. ®e¢@omputational resources are
usually heterogeneous in that these resources gy different hardware, such as
instruction set, computer architecture, number rocessors, physical memory size,
CPU speed and so on and also different software asidifferent operating systems,
file systems, cluster management software and sorbe heterogeneity results in
differing capability of processing jobs. Resourgeth different capacity can not be
considered uniformly. An adequate scheduling systehould address the
heterogeneity and further leverage different conmgupowers of diverse resources
[16].

2.3.2 Site Autonomy

Typically a Grid may compromise multiple administra domains. Each domain
shares a common security and management policyh &awmain usually authorizes a
group of users to use the resources in the dom&ius applications from

unauthorized user should not be eligible to runtloam resources in some specific
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domains. Furthermore, a site is an autonomous ctatipoal entity. A shared site
will result in many problems. It usually has its roveécheduling policy, which
complicates the prediction of a job on the sitesiAgle overall performance goal is
not feasible for a Grid system since each site itla®wn performance goal and
scheduling decision is made independently of otkiegs according to its own

performance goal.

2.3.3 Local Priority

It's another important issue. Each site within Gwed has its own scheduling policy.

Certain classes of jobs have higher priority onty aertain specific resources. For
example, it can be expected that local jobs wilabsigned higher priorities such that
local jobs will be better served on the local reses [16].

2.3.4 Resource Non-Dedication

Because of non-dedication of resources, resourageusontention is a major issue.
Competition may exist for both computational resegr and interconnection
networks. Due to non-dedication of resources, aurg may join multiple Grids
simultaneously. The workloads from both local usargl other Grids share the
resource concurrently. The underlying interconmoectietwork is shared as well. One
consequence of contention is that behavior ancdpagnce may vary over the time;
Contention free at the guaranteed level Scheduolest be able to consider the effects

of contention and predict the available resourgabadities.

2.3.5 Application Diversity

This problem arises because the Grid applicatioasfram a wide range of users,
each having its own special requirements. For ex@amgpme applications may
require sequential execution, some applications ommgist of a set of independent
jobs, and others may consist of a set of depenjdést In this context, building a

general-purpose scheduling system seems extrenfigtyl. An adequate scheduling

system should be able to handle a variety of agiptins [16].

2.3.6 Dynamic Behavior
In a Grid Environment, dynamics exists in both thetworks and computational

resources. First, a network shared by many pad@snot provide guaranteed
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bandwidth. This is particularly true when wide areatworks such as the internet are
involved. Second, both the availability and capgbdf computational resources will
exhibit dynamic behavior. On one hand new resoumtg join the Grid and on other
hand, some resources may become unavailable dpeobdems such as network
failure. The capability of resources may vary oveet due to the contention among
many parties who share the resources. An adequdted8ler should adapt to such
dynamic behavior. After a new resource joins thelGhe Scheduler should be able
to detect it automatically and leverage the newousses in the later scheduling
decision making. When a computational resource hesaunavailable resulting from
an unexpected failure, mechanisms such as reschgdiould be used to guarantee

the reliability of Grid systems [16].

These challenges pose significant obstacles oprildem of designing an efficient
and effective scheduling system for Grid environtaen

2.4 Grid Scheduling Algorithms

The Grid Scheduling Algorithms can be classified as

2.4.1 Local vs. Global

The local Scheduling discipline determines how pinecesses resident on a single
CPU are allocated and executed; a global Schedplatigy uses information about
the system to allocate processes to multiple psarssto optimize a system wide
performance objective. Grid Scheduling falls irite Global Scheduling [17].

2.4.2 Static vs. Dynamic

The next level in the hierarchy (under the Globehe&luling) is a choice between
static and dynamic Scheduling. This choice inde#te time at which the Scheduling
decisions are made. In case of static Schedulirigrmation regarding all resources
in the Grid as well as all the tasks in an applicats assumed to be available by the
time the application is scheduled. By contrasthim case of dynamic Scheduling, the
basic idea is to perform task allocation on theaijthe application executes.

2.4.3 Optimal vs. Suboptimal

In the case that all information regarding theestdtresources and the jobs is known,
an optimal assignment could be made based on someeion function, such as
minimum makespan and maximum resource utilizatigurt. due to difficulty in Grid

scenarios to make reasonable assumptions whiclisar@ly required to prove the
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optimality of an algorithm, current research triedind suboptimal solutions, which
can be further divided into the following two geslerategories

2.4.4 Approximatevs. Heuristic

The approximate algorithms use formal computationadiels, but instead of
searching the entire solution space for an optsuhltion, they are satisfied when a
solution that is sufficiently "good" is found. Tfectors, which govern their decision, are:
* Availability of a function to evaluate a solution.

» The time required evaluating a solution.

» The ability to judge the value of an optimal sauataccording to some metric.

* Availability of a mechanism for intelligently prurg the solution space

— Oplimal
— Approximais

— Heunnstc
_M_ m—m.l

Coopermative
— Distributed O mal
Optimeal

— Dynamic — I'-I:u:tC«q:ni:ivP“
— Eub Optiomal
Oyptim al
Sob-Optima

Figure 2.3: A Hierarchical taxonomy for scheduling algorithms[17]
Heuristic represents the class of algorithms, whiolake the most realistic

assumptions about a priori knowledge concerningcgse and system loading
characteristics. It represents the solutions toSbkeduling problem, which cannot

give optimal answers and require the most reasenabiount of cost and other
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system resources to perform their function. Thduaten of this kind of solution is
usually based on experiments in the real worldrosimulation. Heuristic algorithms
are more adaptive to the Grid scenarios.

2.4.5 Cooper ative vs. Non-cooper ative

If a distributed Scheduling algorithm is adoptelde tnext issue that should be
considered is whether the nodes involved in jobe8aling are working cooperatively
or non-cooperatively. In the non-cooperative caséiyidual schedulers act alone as
autonomous entities and arrive at decisions reggrtlheir own optimum objects
independent of the effects of the decision on #st of system e.g. application-level
schedulers. In the cooperative case, each GriddBt#rehas the responsibility to carry
out its own portion of the Scheduling task, butsahedulers are working toward a
common system-wide goal.

2.4.6 Distributed vs. Centralized

In dynamic Scheduling scenarios, the responsibftity making global Scheduling
decisions may lie with one centralized Scheduleheoshared by multiple distributed
schedulers. The centralized strategy has the aalyardf ease of implementation, but
suffers from the lack of scalability, fault tolemnand the possibility of becoming a

performance bottleneck [17].
2.5 Typesof Grid Schedulers

Some schedulers are there which are popular. Tdasbe discussed in the following

way:-

2.5.1 Condor

Condor is workload management software that is Idpeel by a research team
located at the University of Wisconsin in Madisdrhe Condor research project
started in 1988. There are three basic componergsCondor installation: a central

manager, execution hosts, and submission hostheskpoint server is an optional
fourth component. The central manager serves twao faactions in a condor cluster.

The first function is collecting the status of aflthe nodes in a Condor cluster. The
second function is to match up resource requestplfiosubmissions with a Condor
node that can fulfill these requirements. Any nadea Condor cluster can be
configured to be an execution machine and a sulmnissiachine, including the

central manager. Execution machines are those nbdésan run Condor jobs and

submission machines are those machines where Cgoloorcan be submitted. An
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optional checkpoint server can be added to a cliststore all of the checkpoint files

for the jobs in the cluster [10].
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Figure 2.4: Condor Scheduler [10]
25.2Load Leveller

Load Leveller is job management software availdlden IBM that can be used to
schedule and load balance jobs across a clustad Leveller is supported on AlX..
Load Leveller cluster can be made up of four ddfertypes of machine servers:
scheduling, central manager, executing, and suimgiithachines. One machine in a
cluster is designated as the central managerrdsigonsible for monitoring the status
of the other nodes and also matching up job remérgs with nodes that satisfy
them. Any number of machines may be designatedl@®is only machines. This is a
workstation, which is only able to submit jobs talaster and run commands that
monitor the status of jobs and kill jobs. A subwonily machine is not able to run any
jobs submitted to a Load-Leveler cluster. Scheduimachines are cluster nodes that
manage a queue and are responsible for schedulimgited jobs. An executing
machine is the node were a given job is run. Alsimgachine may have more than

one role [10].
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Figure2.5: Load Leveller Scheduler [10]
25.3PBS
Portable Batch System (PBS) is a scheduler that deagloped for NASA Ames
Research Center by Veridian. There is an open sowersion available, Open PBS,
and a commercial version available, PBSPro. Thersupport available with the
commercial version as well as additional featuseszh as better fault tolerance,

advance reservation, and desktop cycle scavenging.
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Figure 2.6: PBS Scheduler [10]
The source is also available for the commercialsiear There are three main

components that make up a PBS cluster:
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» Job server

» Job executor

» Job scheduler

The job server is responsible for all batch proegss PBS, including creation,
modification, running, and monitoring of batch jolBsPBS cluster contains only one
server machine. The job executer is the machinikancluster where a batch job is
running. The job scheduler is responsible for sahed jobs on the cluster; it can
guery the status of execution nodes and also ghergerver to determine what jobs
need to be run [10].

2.5.4 Sun Grid Engine (SGE)

Sun Grid Engine (SGE), previously known as CODINEbrfiputing in Distributed
Networked Environments) or GRD (Global Resourcee€lwor), is an open source
batch-queuing system, developed and supported byVierosystems. Sun also sells
a commercial product based on SGE, also known a&MtdLEngine (N1GE).SGE is
typically used on a computer farm or high-perforocenomputing (HPC) cluster and
is responsible for accepting, scheduling, dispatghand managing the remote and
distributed execution of large numbers of standalqarallel or interactive user jobs.
It also manages and schedules the allocation dfildised resources such as
processors, memory, disk space, and software kseB&E is the foundation of the
Sun Grid utility computing system, made availablerothe Internet in the United
States in 2006, later becoming available in mahgiotountries [36].

2.5.5 Globus Toolkit

The Globus Toolkit is an open source software tbal&ed for building Grid systems
and applications. It is being developed by the G#oBlliance and many others all
over the world. A growing number of projects andanpanies are using the Globus
Toolkit to unlock the potential of grids for theiause. The toolkit includes software
services and libraries for resource monitoring,co®ry, and management, plus
security and file management. The toolkit includefiware for security, information
infrastructure, resource management, data managent@mmunication, fault
detection, and portability. It is packaged as ao$ebmponents that can be used either

independently or together to develop applicati@&.|
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Table 2.1: Comparison between Various Schedulers

Features PBS SGE Loadleveller Condor Globus
Toolkit
Single process No Yes Yes Yes Yes

preemptive jobs

M ulti-process No Yes No Yes No

preemptive jobs

Costs Open Open Open Source Open Open
Source Source Source Source

Cycle Scavenging Yes Yes Yes Yes Yes

Grid

Policy based Yes Yes Yes Yes Yes

scheduling

Queue Minimal Six High Very high | Medium

configuration

Backfill problem No Yes Yes No No

Flocking No No No Yes No

technology

Queue optimization | Auto- Not Not automatic Auto- Not auto-
matic automat matic matic

ic

2.6 Fundamental Scheduling Algorithms of Operating System

There are various scheduling algorithms which aseduby the operating system.
Some of these algorithms are explained as:-

2.6.1 First ComeFirst Serve (FCFS)

Also known as First-In, First-Out (FIFO). It is aoMpreemptive scheduling. In this
scheduling algorithm the first process to requast@PU is the one that is allocated the
CPU first. It is Very simple but it creates probldike Long average and worst-case
waiting times, Poor dynamic behavior (convoy effect

2.6.2 Shortest-Job-First (SJF)

Also known as Shortest remaining time. It may bthezi preemptive or Non-
preemptive. Preemptive SJF scheduling is sometalésd shortest time first scheduling
(STF). In this scheduling scheme the process wighshortest next CPU burst will get
the CPU first. It minimizes average waiting timBsit in this algorithm it is difficult
to determine length of next CPU burst? Starvatigolas with long CPU bursts [34].
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2.6.3 Round Robin scheduling (RR)

It is a Preemptive scheduling. The Round-Robin delweg scheme is similar to that of
FCFS except preemption is added to it. In the Riedaling scheme the CPU picks a
process from the ready queue and sets a timertéarupt after one time quantum.
During this scheme two things may happen. The ggogay need less than one time
guantum to execute. The process needs more thamenguantum.

2.6.4 Priority Scheduling (PS)

It can be Preemptive scheduling or Non-Preempiiivehis scheduling scheme a priority
is associated with each process. Depending omiplementation of the algorithm there
can be a range of priorities. The job that hashighest priority will be the one that is
selected from the ready queue. This process wiklillseated the CPU and the lower
prioritized jobs will have to wait. But there isopptem of Starvation arises. Starvation is
caused when a process that is ready to be exasutetibecause it is still waiting for the
CPU. The solution of this problem is Aging. Agintcieases the priority of a process

gradually [33].
Table 2.2: Comparison between Various Scheduling Algorithms

Features FCFS RR PS SIF

CPU Low High Medium Medium

Utilization

Throughput Low Medium Low High

Turn around time | High Medium High Medium

Responsetime Poor Good Good Medium

Waiting time Low Reduced Depends Depends upon burst length
Starvation No No Yes Yes

Overhead Low High High Medium

2.7 Conclusion

This chapter discussed all the existing schedwaedsvarious scheduling algorithms,
working under different strategies, policies antkgaries. Both static and dynamic
algorithms give different performance results irstomized environment. Static
algorithms always give the constant performance dyriamic algorithms are
preferred over static due to heterogeneous andngignenvironment. Next chapter,
chapter 3 discusses the problem formulation.
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Chapter 3
Proposed Scheduling Algorithm

In Grid environments, the shared resources are ndignan nature, which inturn

affects the application performance. Resource n@nagt and scheduling are the
two main functions for this. To improve the thropgh of the environment, an
effective Scheduler is important and for the effecScheduler an efficient algorithm

is also fundamentally important.
3.1 Proposed Approach

In this thesis, the approach followed consistsasenl on Dynamic Time Quantum
for the Round Robin Scheduling to improve the panimnce. The Scheduler will
create a new Pool for the processes and execute blyeusing the Dynamic time
Quantum scheme in which time Quantum is allocatethé processes dynamically.
The major advantage of using Dynamic Time Quantechrique is that it will help
in improving the performance and give the efficieggults because an equal time of
processor is allocated to each process which atbernPool and according to the
requirement of remaining processes a new time lecated to them in order to
improve the performance and produce the efficieatiits.

3.2 Round Robin Scheduling

Round-robin (RR) is one of the simplest scheduligprithms for processes in an
operating system, which assigns time slices to @acbess in equal portions and in
circular order, handling all processes without ptyo Round-robin scheduling is both
simple and easy to implement, and starvation-fReeind-robin scheduling can also
be applied to other scheduling problems, such & piecket scheduling in computer
networks. But there is a problem in Round Robiresciing as it is not applicable for
the distributed environments. Therefore, DynamimdiQuantum is an alternative of
the Round Robin scheduling in the distributed eaninents. Equal time is allocated
to all the processes as shown in Figure 3.1. Allgfocesses execute completely with

this time only.
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CPU

Figure 3.1: Round Robin Scheduling [34]

3.3 Dynamic Time Quantum Scheduling

In the Dynamic time Quantum scheduling, same tifnprocessor is allocated to all
the processes. After the execution a new time lscated to all the remaining
processes dynamically according to their requirdmedn the dynamic time Quantum,
equal priority is assigned to each process and #weording to that another time
Quantum is assigned for all the processes. Dueidcetery process get the processor

time and gives the results in an appropriate tirhgelwimproves the performance.
3.4 Proposed Algorithm

In this algorithm firstly all the processes are @xed on the basis of given time
Quantum. After that the remaining time of all threqesses is calculated. On the basis
this calculation a new time Quantum is allocateth® processes in order to execute
them. After this, again calculation is requireccédculate how much processor time is
required by all the processes. On the basisigtcadculation a mew time Quantum is
allocated to all the processes. All processes gelleamount of time for their
execution. Equal priority is considered for all fn@cesses. This process is continued
until all the processes complete their process.
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3.5 Flow Chart of Proposed Algorithm

j=0

Yes
Yes

pi= pi-time
v

time=plil

No

No
Yes

time=plil

D
No
(o D

Figure 3.2: Flow chart for Dynamic time Quantum algorithm

Stepl:- Jobs are allocated to the processor.

Step 2:- Then give the Time Quantum to all the psses for the execution.

Step 3:- Execute all the processes.

Step 4:- Check which processes are finished andhadgiquire more processor time.

Step 5:- Then according to the remaining processgsrement allocate dynamically
time Quantum.

Step 6:- Repeat steps 3-5 until all jobs are notaieted.
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3.6 Pseudo code for Dynamic Time Quantum Scheduling algorithm

Begin
Set Pi= Value, where iis an array
sizen
Set time= Value
Set j=0
While (time!=0)
If (pi>=time)
Pi=pi-time
End if
Time=p[1]
fori=1tonby 1 do
if(p[i]<time)
time=p[i]
endif
endfor
j+H+
endwhile
END

Firstly an array of processes are to be submitidten assign the time Quantum to
all the processes. Then allocate the processdll the processes for equal interval of
time. After that a new Quantum is assigned dynaatycao all the remaining

processes. This step is continued until all thegsses will be completed.

To allocate these jobs to the scheduler, firstiyngethe universe then define the path
for the execution of the processes.. Then defirtpubtfile, error report file and log
file. After that there is a need to set the pathtii@ execution. Then by using certain

condor commands results of particular accountingalo or the pool can be seen.

3.7 Complexity of Proposed Scheduling Algorithm
Complexity is a measure of the performance of garghm in term of CPU time and

memory usage. In this case computational complédras/been considered as this
algorithm is for grid environment.
Computational Complexity:
Complexity = No. Of closed loop = 4;
Another formula to find out Complexity of algorithm
Complexity = No. of decision making statements + 1;

Complexity = 3 +1 =4;
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3.7 Conclusion
This chapter discusses comparative study of Propbadgorithms, design and
workflow of proposed algorithm. Next chapter dismss the installation steps of the

scheduler and the experimental results of the igthgor
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Chapter 4

| mplementation and Experimental Results

Dynamic Time Quantum Round Robin Algorithm has beeplemented in JAVA
programming language on Condor-7.5.1-winnt50-x86e Bteps followed for the
implementation are described below in detail withrapriate screenshots.

4.1 Installation of Pre-requisitesand Necessary Components

4.1.1 Installation of Condor

In the current implementation of the Dynamic timga@tum Round Robin Algorithm
we have used Condor-7.5.1-winnt50-x86. This opamrc®JAVA based Scheduler
can be downloaded from the page of download fordGo[26].

To use the Condor for the implementation of the &wit time Quantum Round
Robin Algorithm we need to follow these steps; Thaamic time Quantum Round
Robin Algorithm is implemented in JAVA and run oor@lor-7.5.1-winnt50-x86.

To install the Condor double click on Condor-7.®witnt50-x86.exe file. A welcome
screen will appear as shown in Figure 4.1. Follbe instructions and install the

Condor.

i Condor for Windows (7.5.1) Setup @

Developed by The

CDfldDI' _Team - Welcome to the Condor for
University of Windows Setup Wizard
Wisconsin,

Madison.

This will install "Condor For Mindows" {version 7.5.1, dated
Tue Mar 2 2010 ak 4:52:24pm) anto your compuker,

Click. "Mewxt" ta cantinue,

[ Mexk ] [ Cancel

Figure 4.1: Welcome window of Condor
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By default Condor installs in the C;\Condor diregtoAfter installation, start the task
manager. There are Condor files added like Contlmtdsexe under processes tasks

as shown in Figure 4.2. If it appears then Conslanstalled.

£l Windows Task Manager

File ©Options Wiew Shukt Down Help

applications | Processes | performance || Metworking || Users

Irnage Name User Marne CP Mem Usage ”
condor_kbdd. exe SYSTEM o0 5,760 K
condor_starkd.exe  SYSTEM a0 9,220 K
condor_schedd.exe  SYSTEM a0 7,056 K
condor_neqgotiakto,,,  SYSTEM ulu} 5,956 K
condor_collector....  SYSTEM o0 6,012 K
wscnkfy, exe Adrmin a0 1,960 K
alg.exe LonZAL SERNICE oo 3,264 K
HF100&MC, EXE SYSTEM (lu} 2452 K
hpruschdz. exe Admin o0 1,820 K
syichosk, exe SYSTEM oo 31,744 K
TBEMon.exe Adrmin a0 2,004 K
ckfmon.exe admin o0 3,525 K
RTHDVPL.exe Adrin oo 21,224 K
iofxpers, exe Adrmin a0 2,536 K
shstak.exe admin o0 SED K
mdm. exe SYSTEM ulu} 2,660 K
hkecmd. exe Admin o0 2,540 K
WeTskMar. exe SYSTEM oo 384 K
Mirshirld. exe SYSTEM nn 141.AARA K b
[]show processes from all users [ End Process ]
Processes: 38 CPU Usage: 1% Commit Charge: 3630 | 24420

Figure 4.2: Showing the Condor filesat startup

AWINDOWS\system32\cmd. exe

Microzoft Windows HP [Uersion 5.1.26001
(G» Copyright 1985-28P1 Microsoft Corp.

C:*Documents and Settings*Admin>*cd condor
The system cannot find the path specified.

C:“Documents and Settings“Admin>cd~
C:x>cd condorsbin
C:*condor~hin>condor_g and condor_status
—— Submitter: labl-1 : {192_.168.1.11:1832> : lahi—1
ID OUNER SUBHMITTED RUM_TIME 8T PRI SIZE CHD
@ jobs; A idle. B running, @ held

C:condorshin

Figure4.3:- Running view of Condor
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4.2 Test Results

CASE 1:-Assume four processes arrived at time = 0, witlsttime (P1 = 20, P2 =
40, P3 = 60, P4 = 80). Table 4.1 gives this desoripof all the processes in which
includes the burst time and arrival time for alé throcesses. Table 4.2 shows the
average waiting time and the average turnaround fon all the processes and also
shows the comparison of the existing algorithmdwhie new proposed algorithm in
terms of average waiting time and the average taumal time. Then Figure 4.4
shows the average waiting time comparisons betw#dhe existing algorithms and
the new proposed algorithm graphically and Figubeshows the average turnaround
time comparison between all the existing algorittand the new proposed algorithm

graphically
Table 4.1: Process description
Process Arrival Time | Burst Time
0 20
P1
0 40
P2
0 60
P3
0 80
P4

Table4.2: Averagewaiting time and turnaround time of all the Scheduling Algorithms

Scheduling Algorithms Average Waiting | Average Turnaround
Time Time

First-Come-First-Serve 50 100

Shortest-Job-First 50 100

Round Robin 70 120

Priority Scheduling 65 115

Dynamic time Quantum62.5 65

Round Robin
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é 60 = FCFS
o 50 m SJF
£ 40 oPs
2 30 O RR
o 20
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g’ 10 Q
5: 0]
Burst Sequences------- >
Figure 4.4:- Comparison of average waiting time
/:\ 140
)
e 129 @ FCFS
= 100
2 m SJF
% 80
o oPS
gz 60
= ORR
5 40
= 20 m DQRR
2
X 0
Burst Sequences------ >

Figure 4.5:- Comparison of average turnaround time

CASE 2:-Assume three processes arrived at time = 0, witktlbume (P1 =5, P2 = 8,
P3 = 4). Table 4.3 gives this description of ak fprocesses in which includes the
burst time and arrival time for all the procesSeable 4.4 shows the average waiting
time and the average turnaround time for all thecgsses and also shows the
comparison of the existing algorithms with the ngweposed algorithm in terms of
average waiting time and the average turnaround.tiimen Figure 4.6 shows the
average waiting time comparisons between all thstieg algorithms and the new
proposed algorithm graphically and Figure 4.7 sholes average turnaround time
comparison between all the existing algorithms #mel new proposed algorithm

graphically
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Table 4.3: Process description

Process Arrival Time | Burst Time
0 5

P1
0 8

P2
0 4

P3

Table4.4: Average waiting time and turn around time of all the Scheduling Algorithms

Scheduling Algorithms

Average Waiting Time

Average Turnaround Time

First-Come-First-Serve

6

11.66

Shortest-Job-First 4.33 10
Round Robin 7 14
Priority Scheduling 7 12.66
Dynamic time Quantum 14 8.33
Round Robin

A 10

R B FCFS

(]

E 5| m SJF

2 . oPS

= ORR

; 2 m DQRR

o

>

< 0

Burst Sequences-------- >

Figure 4.6:- Comparison of average waiting time
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Figure 47:- Comparison of average turnaround time

e CAWINDOWSAsystem32\cmd. exe
W<(C> Copyright 1985-208A1 Microszoft Corp.

C:»Documentz and Settingz“AdminXcdxcondor
C:condorcd hin
C:condorshin>javac tanu. java

C:“condorshin>java tanu

After Iteration:

After Iteration:

After Iteration:
pl=Ap2=3p3=A
timer: =3

After Iteration:
pl=Ap2=Bp3=A
timer:=A

C:“condorshin’

Figure 4.8: Result on Condor

CASE 3:-Assume three processes arrived at time = 0, witktlhiume (P1 = 15, P2 =
4, P3 = 2). Table 4.5 gives this description oftla# processes in which includes the
burst time and arrival time for all the procesSeable 4.6 shows the average waiting
time and the average turnaround time for all thecgsses and also shows the
comparison of the existing algorithms with the ngweposed algorithm in terms of
average waiting time and the average turnaround.tiimen Figure 4.9 shows the
average waiting time comparisons between all thstieg algorithms and the new
proposed algorithm graphically and Figure 4.10 sholwe average turnaround time
comparison between all the existing algorithms #mel new proposed algorithm
graphically
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Table 4.5: Process description

Process Arrival Time | Burst Time
0 15

P1
0 4

P2
0 2

P3

Table4.6: Average waiting time and turn around time of all the Scheduling Algorithms

Scheduling Algorithms Average Waiting Time Average Turnaround
Time

First-Come-First-Serve 11.33 8.33
Shortest-Job-First 2.66 9.66
Round Robin 6 13
Priority Scheduling 7.66 14.66
Dynamic time Quantum4.66 11.66
Round Robin

A 12

i 10 @ FCFS

e 81 mSJF

> 6 oPS

c

= 4 ORR

T

= 51 m DQRR

- ]

z O

Burst Sequences---------- >

Figure 4.9:- Comparison of average waiting time
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Avg. Turnaround time-------->
»

Burst Sequences

o FCFS
mSJF
oPS
ORR

m DORR

Figure 4.10:- Comparison of average turnaround time

CASE 4:-Assume four processes arrived at time = 0, witlstotime (P1 = 14, P2 =
10, P3 = 20, P4 = 5). Table 4.7 gives this desonpbf all the processes in which
includes the burst time and arrival time for alé throcesses. Table 4.8 shows the
average waiting time and the average turnaround fon all the processes and also
shows the comparison of the existing algorithmd whie new proposed algorithm in
terms of average waiting time and the average taumal time. Then Figure 4.11
shows the average waiting time comparisons betwaéidhe existing algorithms and
the new proposed algorithm graphically and Figuré24shows the average

turnaround time comparison between all the existiggrithms and the new proposed

algorithm graphically

Table 4.7: Process description for

Process Arrival Time | Burst Time
0 14
P1
0 10
P2
0 20
P3
0 5
P4
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Table4.8: Average waiting time and turn around time of all the Scheduling Algorithms

Scheduling Algorithms Average Waiting Time | Average Turnaround Time
First-Come-First-Serve 20.5 32.75
Shortest-Job-First 12.25 24.5
Round Robin 18.5 35.75
Priority Scheduling 13.75 26
Dynamic time Quantum18.75 35.75
Round Robin

A 25

m 20 @ FCFS

g 15 - m SJF

> aPS

= 10 .

= ORR

= 5 m DORR

(@)

>

< 0

Burst Sequences----->

Figure 4.11:- Comparison of average waiting time

N a0
o 35 -
E a0 @ FCFS
é 25 m SJF
s 20 OPS
g5 aRR
P 12 | m DORR
5 4
>
z 0
Burst Sequences------ >
Figure 4.12:- Comparison of average turnaround time
4.3 Conclusion

This chapter discussed the steps of installingQbeador Scheduler and experimental

results of proposed algorithm.
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Chapter 5

Conclusion and Futur e Scope

This chapter discusses the conclusions of the vpodsented in this thesis. The
chapter ends with a discussion of the future dowast

5.1 Conclusion

The work presented in this thesis describes maeltgdpects of grid computing and
introduces numerous concepts which illustrate rigsd capabilities. Grid Computing
is definitely a promising tendency to solve highmdading applications and its
related problems. Main objective of the grid enwmireent is to achieve high
performance.

Dynamic nature and complexity of Grid makes schedwery complex There are a
number of factors, which can affect the grid amgilen performance like Scheduling,
heterogeneity of resources and resource shariing iGrid environment.

This Thesis primarily focuses on scheduling thesjab an optimized manner. The
user submits the numbers of jobs to the schediileen these jobs are executed by
the scheduler on the basis of Dynamic time Quantlims technique allocates the
best time Quantum to the processes for improvieg gherformance. At the end of
the execution all the processes have to be execotegletely which are submit by
the users. This work demonstrates the efficiencthefproposed algorithm through

experimental results and validation with traditibakorithms.

5.2 Future Scope

* Instead of Condor scheduler, this algorithm canumeon another scheduler. After
the installation of the scheduler the sargerghm can be run on it and the results
can be matched.

* The same algorithm can be coded in other languddes performance of
that new algorithm can be validated with the perfance this existing
algorithm.

» There are various operating systems on which the@oscheduler can be
installed. This can be done by following the instrons given in the

manual and the same work can be done on it.
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Appendix-A

I nstallation Steps of Condor

ii& Condor for Windows {F.5.1) Setup @

Developed by The

Cor_1d0r _Tearn - Welcome to the Condor for
University of Windows Setup Wizard
Wisconsin,

Madison,

This will install "Condor For Windows" {version 7.5.1, dated
Tue Mar 2 2010 ak 4:52:24pm) onto your compuker,

Click "Mext" ko continue.

[ Mexk = ] [ Cancel ]

i Condor for Windows (7.5.1) Licence Agreement

End-User Licence Agreement

Please read the following licence agreement carefully ; q 1V Q e-

Zpache Licence Y

Wersion &.0, Tarmiary 004
bttp: S fomn . apache . orgflicencesSf

TEFMZ AMD COMDITIONS FOR USE, FEEPRODUCTION. AMD DISTRIEUTION

1. Definitioms.

"Licence” shall mean the tems and conditions for use, reproduction,
and distribartcion ar defined bor Jection: 1 throagh 4 of this document.

"Licensor” shall mean the copyright owmer or enmtity authorised bar
the copyright ooner that is granting the Licence. b

(%) I accept the terms in the Licence Agreement

{31 do nok accept the terms in the Licence Agreement

< Back. ” Mexk = ] [ Cancel

46



i% Condor for Windows (7.5.1) Setup

Mew Or Existing Condor Pool?
ih TouphpUE campREIng b

Choose install type: (%) Create a new Condor Poal,
) Join an existing Condor Pool,

Mame of Mew Pool: |I:anu|

Hostname of Central Manager: |

i Condor for Windows (7.5.1) Setup

Configure Execute and Submit Behavior
- i g e i i vm Bl oy

Submit jobs bo Condor Pool

wWhen should Condor run jobs? () Do not run jobs on this machine,

() Always run jobs and never suspend them,
#)When kevboard has been idle For 15 minutes.

)When kevboard has been idle For 15 minutes and CPU is idle.

‘Wwhen the machine becomes no longer idle, jobs are suspended.

After 10 minutes: () Keep the job in memory and restart it when you leave,
() Restart the job on a different machine.

< Back ” Mext = ] [ Zancel
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i& Condor for Windows {7.5.1) Setup

Email settings

_—é
T
Fram where and ta whom should Condor send email? ;hm N D q '_'

Hostname of SMTP Server: |smt|:u.t

Email address of administrator: |au:|@yahu:u:u.u:u:um

< Back ” Mext = ] [ Zancel

i Condor for Windows {7.5.1) Setup

Java Settings

__#
T
Where is the Java virtual machine? ;hg N ..D q n_'

Path to Java virtual Machine:

< Back ” Mext = l [ Cancel
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i Condor for Windows {7.5.1) Setup

Host Permission Settings

What hosts have access to this machine? ;.nq mg gue*-'

Hosts with Read access:

Hosts with Write access: |~;ﬂ:n_|r.|:I|:|mai|'|.n:|:|mJ * o5, isc, edu

Hosts with Administrator access: |$|:FLILL_HOSTN.C'.ME]I

< Back ” Mext = ] [ Cancel

i Condor for Windows (7.5.1) Setup

¥M™ Universe Settings

CENOORST

Enable Y1 Universe: (%) Mo
() ¥es (Requires WMware Server and Petl)

Yersion; |

Maximum Memory (in MB): I:I

Maximum Mumber af ¥Ms:

Metwarking Suppart:

Path to Perl Executable: |

< Back ” Mext = ] [ Zancel
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i Condor for Windows (7.5.1) Setup

HDFS Settings

Enable HOFS support? ;.nn N g giaw

Enable HOFS support: (3 Mo
() ves (Requires Java)

Select HDFS mode: Mame Mode
Data Mode (Requires Cywgwin

Primary Mame Mode; |

Mame Mode Pork; |

Mame Mode Web Port: |

< Back H Mext = ] [ Cancel

i# Condor for Windows {7.5.1) Setup

Choose Setup Type

Choose the setup bype that best suits your needs ;,,Q N D q e-

Custom

Allows users to choose which program Features will be installed
and where they will be installed. Recommended for advanced
LSErs,

Install
Install the complete product in the default location,
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i Condor for Windows (7.5.1) Setup

Developed by The

Condor Team - Completing the Condor for

University of Windows Setup Wizard
Wisconsin,

Madison.

Click the Finish button to exit the Sebup Wizard.

< Back. Cancel

Systemn Properties

| Sysztem Restare " Automatic Updates Remote |

Environment Variables

Edit System Variahle
wariable name: |
wariable walue: |
[ o] ] [ Zancel ]
Swskerm wariables
Wariable Walue -~
ZomsSpec e IMNDOW S swstem32cmnd. exe
FP_MNO_HOST_C... MO =
MUMEBER._OF_F... 2
05 Windowes_MT
Path CHMIMDOW S swskemn 32 O W INDOWS; ..
[ Mew | [ Edi | [ Delete |
[ ] ] [ Cancel ]
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