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       Abstract          
 

            Computational Grid is the next generation of distributed computing systems. They 

allow the sharing of geographically distributed resources in an efficient way, extending 

the boundaries of what is perceived as distributed computing. Various science applications 

can benefit from the use of grids to solve CPU-intensive problems, creating potential 

benefits to the entire society. With further development of grid technology, it is very 

likely that corporations, universities and public institutions will exploit grids to enhance 

their computing infrastructure. In recent years there has been a large increase in grid 

technologies research, which has produced some reference grid implementations. Grid 

Computing has progressed a lot, still the areas like resource management, resource 

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

 

Scheduling is an integral part of Grid computing. Even though middleware support for grid 

computing has been the subject of extensive research, scheduling policies for the grid 

context have not been much studied. In addition to processor utilization, it is important to 

consider the waiting time, throughput, and response times of jobs in evaluating the 

performance of grid scheduling strategies. In this thesis a distributed scheduling algorithm 

has been proposed and designed that is based on the Dynamic time Quantum technique. 

Dynamic time Quantum technique improves the performance in terms of time delays. The 

algorithm has been implemented in Java and further validated in Condor scheduler. The 

experimental results depict the efficiency of the algorithm based on Dynamic Time Quantum 

technique. 
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Chapter 1 

Introduction     

 

Grid is emerging as a wide-scale infrastructure that promises to support resource 

sharing and coordinated problem solving in dynamic, multi-institutional virtual 

organization [1]. Grid computing applies the resources of many computers in a 

network for a single problem at the same time - usually to a scientific or technical one 

that requires a large number of computer processing cycles or access to large amounts 

of data. Grid computing can be thought of as distributed and large-scale cluster 

computing and as a form of network-distributed parallel processing. 

This chapter introduces Grid computing, discusses about the history, types, and the 

motivation of this research work and finally gives the framework of this thesis. 

1.1 Grid Computing 

Grid computing is gaining a lot of attention within the IT industry. Grid computing is a 

distributed computing taken to the next evolutionary level. It provides the electronic 

foundation for a global society in business, government, research, science and 

entertainment. The goal is to create the illusion of a large and powerful self managing 

virtual computer out of a large collection of connected heterogeneous systems sharing  

various combinations of resources. The Grid computing integrates networking 

communication, computation and information to provide a virtual platform for 

computation and data management in the same way that the Internet integrates 

resources to form a virtual platform for information [5].    

Grid computing is analogous to a power grid. When you plug an appliance or other 

object requiring electrical power into a receptacle, the power is available. The vision 

of Grid computing is similar. Individual users can access computers and data, or even 

contribute its resources to the existing Grid, without having to consider location, 

operating system, account administration, and other details. The resources are not 

visible to the user, just as the consumer of electric power is unaware of how their 

electricity is being generated.  

Grid infrastructure will provide us with the ability to dynamically link together 

resource as an ensemble to support the execution of large-scale, resource-intensive, 

and distributed applications [5].  

Grid applications often involve large amounts of data and computing and often 
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require secure resource sharing across organizational boundaries. Sharing resources 

over the Internet raises many technical problems, such as large pool of resources, the 

heterogeneity of platforms, the diversity in user behaviors and the lack of reliability. In 

the next few years, the Grid holds the potential for fundamental infrastructure not only 

for e-Science but also for e-Business, e-Government, e-Science and e-Life. This 

emerging infrastructure will exploit the revolutions driven by Moore's law [2] for 

CPU's, disks and instruments as well as Gilder’s law [3] for (optical) networks. 

1.2 History of Grid 

The term “Grid” was coined in the mid 1990s to denote a proposed distributed 

computing infrastructure for advanced science and engineering. The concept of 

computational Grid has been inspired by the ‘electric power Grid’, in which a user 

could obtain electric power from any power station present on the electric Grid 

irrespective of its location, in an easy and reliable manner. Whenever additional 

electricity is required, just plug into a power Grid to access additional electricity on 

demand, similarly for computational resources plug into a computational Grid to 

access additional computing power on demand using most economical resources [8]. 

                        Table-1.1 Historical Background of the Grid [8] 

Technology Year 

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 parents of grid computing as shown in Figure 

1.1. They came in existence, but there were many drawbacks due to which both 

technologies couldn’t survive for a long time. There is collection of interconnected 

computers which are tightly coupled in cluster computing. This computing is cost 

effective but communi- cation overhead, resource wastage and maintenance are its 

major drawbacks [14].  
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Figure 1.1: Evolution of Grid [14] 

 

1.3 Characteristics of Grid Computing 

In today’s complex world computers have become extremely powerful and they are 

enough capable to run more complex problem, still there are many complex scientific 

experiments, advanced modeling scenarios, genome matching, astronomical research, 

a wide variety of simulations, complex scientific & business modeling scenarios and 

real time personal portfolio management, which require huge amount of 

computational resources. To satisfy some of these aforementioned requirements, Grid 

computing is being utilized [4]. Following are the benefits that Grid computing 

provides to user community, developer community and enterprise community as well 

[6]. 

(a) Exploiting Underutilized Resources 

In most organizations, there are large amounts of underutilized computing resources. 

Most desktop machines are busy less than 5 percent of the time. In some 

organizations, even the server machines can often be relatively idle. Grid computing 

provides technique for exploiting these underutilized resources. Data Grid can be 

used to aggregate the un- used storage into a much larger virtual data store. Also a 

Grid can provide a consistent way to balance the loads on a wider federation of 

resources [10]. 
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(b) Parallel CPU Capacity 

The potential for massive parallel CPU capacity is one of the most attractive features 

of a Grid. In addition to pure scientific needs, such computing power is driving a new 

evolution in industries such as the bio-medical field, financial modeling, oil 

exploration, motion picture animation, and many others. The common attribute 

among such uses is that the applications have been written to use algorithms that can 

be partitioned into independently running parts [10]. Many industries and scientific 

communities require the use of parallel computing in order to run applications or 

solve certain problems. Grid computing provides a framework that allows jobs to be 

split up into multiple sub jobs, and each sub-job can be made to execute in parallel on 

different machines [10]. 

( c) Access to Additional Resources  

Grid users can access resources that they might not normally have access to. For e.g., 

an organization might have a Grid machine connected to an electron microscope or a 

telescope. Some machines may have expensive licensed software installed that the 

user requires. Grid users who do not normally have access to such equipment can be 

given access to it, whether they belong to the organization or not [10]. 

(d) Resource Balancing  

The Grid framework  provides the proper utilization of  resources. For e.g., jobs can be 

scheduled to run on idle machines or machines with low activity levels. Grids also 

offer load balancing. If jobs running on Grid require a high level of communication 

between each another, they could be scheduled in a manner that minimizes the cost of 

communication or the amount of traffic on their communication lines [10]. 

(e) Reliability 

Grid provides reliability in terms of failure at one location; the other parts of the Grid 

are not likely to be affected. Grid management software can automatically or 

manually resubmit jobs most of the times to other machines on the Grid when a 

failure is detected. In critical, real-time situations, multiple copies of the important 

jobs can be run on different machines throughout the Grid. Their results can be 

checked for any kind of inconsistency, such as computer failures, data corruption, or 

tampering; thus offering much more reliability [10]. 
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1.4 Types of Grid 

Grid can be classified on the basis of two parameters namely functional and topology 

as discussed below:- 

(i) Functional classification 

According to the distinctly targeted application realms, Grid systems can be classified 

into two categories. But there are actually no hard boundaries between these Grid 

categories. Real Grids may be combination of two of these types. The two categories 

of grid systems are described below: 

(a) Computational Grid 

Computational Grid is hardware and software infrastructure that provides dependable, 

consistent, pervasive, and inexpensive access to high-end computational capabilities 

and that enables coordinated resource sharing within dynamic organizations 

consisting of individuals, institutions, and resources. Thus computational Grid is 

designed so that users won't have to worry about where scientific and engineering 

computations are being performed [1]. 

(b) Data Grid 

In present time Grid application areas are shifting from scientific computing to 

industry and business applications, that’s why data Grids is an enhancement of 

computational Grids, and have been designed to store, move, and manage large data 

sets exploited in distributed data-intensive applications [12]. Data Grid represents a 

combination of large data sets, currently terabytes and will grow to petabytes due to 

geographic distribution of users, resources and computational intensive analysis 

results in complex and strict performance demands that cannot be satisfied by 

ordinary data infrastructure [20]. 

(c) Semantic Grid 

Semantic Grid is supported by two key building blocks – semantic web technologies 

for creating and maintaining models (ontology’s), and semantic aware services and 

protocols for exchanging metadata [7]. Semantic Grid is an extension of Grid and 

provides the infrastructure that systematically manages the complete lifecycle of 

metadata. Semantic Grid aims to provide an infrastructure within the Grid middleware 

providing a core set of services and protocols to support the sharing and management 

of all aspects of metadata. This will enable unanticipated reuse of Grid services and 

resources, better support for interoperability, and flexible Grids [9]. 
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(d) Knowledge Grid 

Knowledge Grid is an intelligent, sustainable internet application environment that 

enables people or virtual roles (mechanisms that facilitate interoperation among users, 

applications, and resources) to effectively captures, publish, share, and manage 

explicit knowledge resources [11].  

(e) Service Grid 

Service Grids are created in order to realize the business potential of web services. 

Service Grids represent distributed architectural component that realize an array of 

service business or utilities owning and deploying specific enabling services. Services 

businesses on the other hand, may either be specialized and independent businesses or 

revenue centers within larger enterprises offering their specialized enabling services 

to other enterprises [19]. 

(ii) Topology classification 

Grids can be built in all sizes, ranging from just a few machines in a department to 

groups of machines organized as hierarchy spanning the world. Grids can be classified 

into three categories according to the topology of grid; these are intra grid, extra grid 

and inter grid.              

(a) Intragrid  

A typical intragrid topology, as illustrated in Figure 1.2, exists within a single 

organization, providing a basic set of Grid services.  

            
Figure 1.2: Intragrid [10] 

The single organization could be made up of a number of computers that share a 

common security domain, and share data internally on a private network. The primary 

characteristics of an intragrid are a single security provider, bandwidth on the private 
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network is high and always available, and there is a single environment within a single 

network. Within an intragrid, it is easier to design and operate computational and data 

Grids. intragrid provides a relatively static set of computing resources and the ability 

to easily share data between Grid systems [10]. 

(b) Extragrid 

Based on a single organization, the extragrid expands on the concept by bringing 

together two or more intragrids. An extragrid, as illustrated in Figure 1.3 typically 

involves more than one security provider, and the level of management complexity 

increases. The primary characteristics of an extragrid are dispersed security, multiple 

organizations, and remote/WAN connectivity Within an extragrid, the resources 

become more dynamic [10].  

               
Figure 1.3: Extragrid [10] 

( c) Intergrid 

               
Figure 1.4: Intergrid [10] 
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An Intergrid has an analogy with the internet. It is the most complicated form of Grid 

topology. The primary characteristics of an intergrid include dispersed security, 

multiple domains and WAN connectivity [10]. 

1.5 Grid Resource Management System  

A computational Grid is a hardware and software infrastructure that provides 

dependable, consistent, pervasive, and inexpensive access to high-end computational 

capabilities [10]. Grid Resources can be computers, storage space, instruments, 

software applications, and data, all connected through the Internet and a middleware 

software layer that provides basic services for security, monitoring, resource 

management, and so forth. 

To manage Grid resources a Grid Resource Management System is required which 

deals with the process of identifying requirements, matching resources to applications, 

allocating those resources, and scheduling and monitoring Grid resources over time in 

order to run Grid applications as efficiently as possible.  

1.6 Grid Scheduling  

Grid scheduling is defined as the process of making scheduling decisions involving 

resources over multiple administrative domains. This process can include searching 

multiple administrative domains to use a single machine or scheduling a single job to 

use multiple resources at a single site or multiple sites.  

Job: anything that needs a resource - from a bandwidth request, to an application, to a 

set of applications (for example, a parameter sweep).  

Resource: anything that can be scheduled: a machine, disk space, a QoS network etc.  

 
Figure 1.5:Application is one or more jobs that are scheduled to run on grid [10] 
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Grid Scheduling is a software framework with which the scheduler collects resource 

state information, selects appropriate resources, predicts the potential performance for 

each candidate schedule, and determines the best schedule for the applications to be 

executed on a Grid System subject to QoS goals.  

Grid Resource Management involves several different layers of schedulers. At the 

highest level are Grid-level schedulers that may have a more general view of the 

resources but are very "far away" from the resources where the application will 

eventually run. At the lowest level is a local resource management system that 

manages a specific resource or set of resources [10]. 

1.7 Research Motivation 

Grid Computing enables aggregation and sharing of geographically distributed 

computational, data and other resources as single, unified resource for solving large 

scale compute and data intensive computing application. Management of these 

resources is an important infrastructure in the Grid computing environment. It 

becomes complex as the resources are geographically distributed, heterogeneous in 

nature, owned by different individual or organizations with their own policies, have 

different access and cost models, and have dynamically varying loads and availability. 

The conventional resource management schemes are based on relatively static model 

that have centralized controller that manages jobs and resources accordingly. These 

management strategies might work well in those scheduling regimes where resources 

and tasks are relatively static and dedicated. However, this fails to work efficiently in 

many heterogeneous and dynamic system domains like Grid where jobs need to be 

executed by computing resources, and the requirement of these resources is difficult 

to predict. 

Due to highly heterogeneous and complex computing environments, the chances of 

faults increases [15], and therefore number of resources available to any given 

application highly fluctuates over time which reduces the performance and the 

efficiency. Therefore it is necessary to design a mechanism for scheduling to improve 

the efficiency in such infrastructure.  

This work focuses on scheduling in a Grid environment. Grid application performance 

is critical in Grid computing environment. So to achieve high performance there is a 

need to understand the factors that can affect the performance of an application due to 

Scheduling, which is one of most important factors that influence the overall 

performance of application. 
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1.8 Thesis Organization 

Chapter 2 explains what Grid scheduler is, its architecture and various challenges in 

grid scheduling. It also describes the Grid scheduling process, types of Grid 

scheduling and various approaches associated with it.  

Chapter 3 describes the problem formulation. 

Chapter 4 describes implementation detail of the Grid Scheduler .  

Chapter 5 describes the experimental results of proposed algorithm and Comparisons of 

proposed algorithm with the existing algorithms 

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

work  
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Chapter 2                     

Literature survey   

 

Grid scheduling is defined as the process of making scheduling decisions involving 

resources over multiple administrative domains. This process may include searching 

multiple administrative domains to use a single machine or scheduling a single job to 

use multiple resources at a single site or multiple sites. This chapter surveys Grid 

scheduling procedure, Architecture and Challenges in Grid scheduling [10]. 

2.1 Grid Scheduling Procedure  

A user goes through three stages  to schedule a job when it involves multiple Grid sites. 

Phase one is resource Discovery, in which the user makes a list of potential resources to 

use. Phase two involves gathering information about those resources and choosing a best 

set to use. In the phase three the user runs the job.  

 
Fig 2.1: Resource Scheduling Phases [10] 

Phase 1: Resource Discovery  

Resource discovery is the process that takes as input a user request and returns a list 

of resources or services that can possibly fulfill the given request. Resource discovery 

is the first phase of resource scheduling. It involves the user selecting a set of 

resources. At the beginning of this phase, the potential set of resources is the empty 

set, and at the end of this phase, the potential set of resources is some set that has passed 

a minimal feasibility requirement [10].  
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Steps in Resource Discovery  

• Authorization filtering,  

• Application requirement definition  

• Minimal requirement filtering  

Step 1: Authorization Filtering  

It is generally assumed that a user will know which resources he or she has access to 

in terms of basic services. At the end of this step the user 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 user must be able to specify some 

minimal set of job requirements in order to further filter the set of feasible resources. 

The set of possible job requirements can be very broad, and vary significantly between 

jobs. This may include static details such as operating system or hardware for which a 

binary of the code is available. Dynamic details are also possible e.g. a minimum RAM 

requirement, connectivity needed. This may include any information about the job that 

should be specified to make sure that the job could be matched to a set of resources. 

Step 3: Minimal requirement filtering  

Given a set of resources to which a user has access and the minimal set of  

requirements the job has, the third step in the Resource Discovery phase is to filter out 

the resources that do not meet the minimal job requirements. The user  generally does 

this step by going through the list of resources and eliminates the ones that do not 

meet the job requirements. It could also be combined with the gathering of more 

detailed information about each resource. However, when being done by hand, if a 

user can eliminate an inappropriate resource it is done at this stage to simplify the 

information gathering in the next phase [10].  

Phase 2: System Selection  

Given a group of possible resources (or a group of possible resources set), all of 

which meet the minimum requirements for the job, a single resource (or single 

resource set) must be selected on which to schedule the job.  

Steps in System Selection 

• Information Gathering 

• System selection  
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Step 4: Gathering Information (QUERY) 

In order to make the best possible resource match, a user needs to gather dynamic 

information about the resources in question. Depending on the application and 

resource in question, different information may be needed. Take for instance the 

simple case of finding the best single resource for a job to run on. A user might want 

to know the load on the various machine(s) and queue lengths if the machine has 

queues. In addition, physical characteristics and software requirements play a role, is 

the disk big enough for the data etc. then there are location/connectivity issues is the 

machine close enough to the data store. All of these issues are multiplied in the case 

of multiple resources. Making an advance reservation may 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 step, a decision of which resource (or 

set of resources) should the user submit a job is made in this step. This can be done in 

variety of ways. Note that this does not address the situation of speculative execution, 

where a job is submitted to multiple resources and when one begins to run the other 

submissions is cancelled [10] 

Phase 3: Job Execution  

The third phase of scheduling is running a job. This involves 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, part or all of the resources may have 

to be reserved in advance. Depending on the resource, an advance reservation can be 

easy or hard to do and may be done with mechanical means or human means. 

Moreover, the reservations may or may not expire with or without cost. One issue in 

having advance reservations become more common is the need for the lower-level 

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

Once resources are chosen the application must be submitted to resources. This may 

be easy as running a single command or as complicated as running a series of scripts, 

and may or may not include setup or staging. 

Step 8: Preparation Tasks 

The preparation stage may involve setup, claiming a reservation, or other actions 

needed to prepare the resource to run the application. One of the first attempts at 

writing a scheduler to run over multiple machines at America’s National Aeronautics 

and Space Agency (NASA) was considered unsuccessful because it did not address 

the need to stage files automatically [22]. 

Step 9: Monitoring Progress  

Depending on the application and its running time, users may monitor the progress of  

their application and possibly change their mind about where or how it is executing. 

Such monitoring is done by repetitively querying the resource for status information. 

If a job is not making sufficient progress, it may be rescheduled. Such rescheduling is 

significantly harder on a Grid system than on a single parallel machine because of the 

lack of control. It may be possible to develop additional primitives for interactions 

between local systems and Grid Schedulers to make this behavior more straight 

forward.  

Step 10: Job Completion  

When the job is finished, the user needs to be notified. Often, submission scripts for 

parallel machines will include an e-mail notification parameter. For fault-tolerant 

reasons, however, such notification can prove surprisingly difficult. Moreover, with 

so many interacting systems one can easily envision situations in which a completion 

state cannot be reached. And of course, end-to-end performance monitoring to ensure 

job completion is a very open research question [22]. 

Step 11: Cleanup Tasks  

After a job is run, the user may need to retrieve files from that resource in order to do 

data analysis on the results, remove temporary settings, and so forth. Any of the 

current systems that do staging (Step 8) also handle cleanup. Users generally do this 

by hand after a job is run, or by including clean-up information in their job 

submission scripts [22]. 
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2.2 Grid Scheduler Architecture 

The generic Grid Scheduler architecture provides a high-level view of Grid 

Schedulers. Every component seems necessary for any comprehensive Grid 

scheduling System [16]. Generic Scheduler does the following:  

• Interact with local resource  managers  

• Interact with external services that are not defined in the Grid scheduling                       

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

• Receive a scheduling Problem  

• Calculate a schedule, and return a scheduling decision  

 Real resources lay on the bottom of the architecture in the Figure 2.2 each being 

Managed by a Local Resource Manager (LRM). An LRM act as the interface between a 

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

responsible for :  

• local scheduling inside a resource domain, where not only jobs from exterior Grid 

users, but also jobs from the domain's local users are executed, and  

• reporting resource information to GIS.  

Examples of such local schedulers include OpenPBS and Condor. An LRM also 

collects local resource information by tools such as  Network Weather Service [17].  

 

(a) Information Service  (IS) 

Information about the status of available resources is very important for a Grid 

Scheduler to make a proper schedule, especially when the heterogeneous and dynamic 

nature of the Grid is taken into account. The role of the Grid information service 

(GIS) is to provide such information to Grid Schedulers. GIS is responsible for 

collecting and predicting the resource state information, such as CPU capacities, 

memory size, network bandwidth, software availabilities and load of a site in a 

particular period. GIS can answer queries for resource information or push 

information to subscribers. The Globus Monitoring and Discovery System (MDS) [18] 

is an example of GIS [17].  
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Figure 2.2: General Grid Scheduler Architecture [16] 

 

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

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

analogical benchmarking (AB) provides a measure of how well a resource can 

perform a given type of job. On the basis of knowledge from AP and AB, and 

following a certain performance model, cost estimation computes the cost of 

candidate Schedules, from which the Scheduler chooses those that can optimize the 

objective functions [17].  

 

(c ) Grid Scheduler (GS) 

This is the core component in the architecture. The GS needs to do two jobs: one is 

resource selection and the other one is mapping. Resource selection is the process of 

selecting feasible and available resources for a given application to be scheduled. 

Mapping is the process of placing the jobs and communications of the application 

onto the resources and networks. Each mapping of jobs to feasible resources produces a 

candidate schedule. Each candidate schedule is then estimated for its performance 
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potential based on the performance model.  

 

(d) Resource Allocation  (RA) 

This component implements a finally determined schedule through allocating the 

resources to the corresponding jobs. Resource allocation may involve data staging and 

binary code transferring before the job starts to execute on the computational 

resource.  

2.3 Challenges in Grid Scheduling 

Although Grids fall into the category of distributed parallel computing environments, 

they have a lot of unique characteristics, which make the Scheduling in Grids highly 

difficult. An adequate Grid scheduling system should overcome these challenges to 

leverage the promising potential of Grid systems, providing High-Performance 

services [21]. 

 

2.3.1 Resource Heterogeneity 

A Grid has mainly two categories of resources: networks and computational 

resources. Heterogeneity exits in both of the two categories of resources. First, 

networks used to interconnect these resources may differ significantly in terms of 

their bandwidth and communicational protocols. Second, computational resources are 

usually heterogeneous in that these resources may have different hardware, such as 

instruction set, computer architecture, number of processors, physical memory size, 

CPU speed and so on and also different software such as different operating systems, 

file systems, cluster management software and so on. The heterogeneity results in 

differing capability of processing jobs. Resources with different capacity can not be 

considered uniformly. An adequate scheduling system should address the 

heterogeneity and further leverage different computing powers of diverse resources 

[16]. 

 

2.3.2 Site Autonomy 

Typically a Grid may compromise multiple administrative domains. Each domain 

shares a common security and management policy. Each domain usually authorizes a 

group of users to use the resources in the domain. Thus applications from 

unauthorized user should not be eligible to run on the resources in some specific 
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domains. Furthermore, a site is an autonomous computational entity. A shared site 

will result in many problems. It usually has its own scheduling policy, which 

complicates the prediction of a job on the site. A single overall performance goal is 

not feasible for a Grid system since each site has its own performance goal and 

scheduling decision is made independently of other sites according to its own 

performance goal. 

 

2.3.3 Local Priority 

It’s another important issue. Each site within the Grid has its own scheduling policy. 

Certain classes of jobs have higher priority only on certain specific resources. For 

example, it can be expected that local jobs will be assigned higher priorities such that 

local jobs will be better served on the local resources [16]. 

 

2.3.4 Resource Non-Dedication 

Because of non-dedication of resources, resource usage contention is a major issue. 

Competition may exist for both computational resources and interconnection 

networks. Due to non-dedication of resources, a resource may join multiple Grids  

simultaneously. The workloads from both local users and other Grids share the 

resource concurrently. The underlying interconnection network is shared as well. One 

consequence of contention is that behavior and performance may vary over the time; 

Contention free at the guaranteed level Schedulers must be able to consider the effects 

of contention and predict the available resource capabilities. 

 

2.3.5 Application Diversity 

This problem arises because the Grid applications are from a wide range of users, 

each having its own special requirements. For example, some applications may 

require sequential execution, some applications may consist of a set of independent 

jobs, and others may consist of a set of dependent jobs. In this context, building a 

general-purpose scheduling system seems extremely difficult. An adequate scheduling 

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

 

2.3.6 Dynamic Behavior 

In a Grid Environment, dynamics exists in both the networks and computational 

resources. First, a network shared by many parties cannot provide guaranteed 
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bandwidth. This is particularly true when wide areas networks such as the internet are 

involved. Second, both the availability and capability of computational resources will 

exhibit dynamic behavior. On one hand new resources may join the Grid and on other 

hand, some resources may become unavailable due to problems such as network 

failure. The capability of resources may vary overtime due to the contention among 

many parties who share the resources. An adequate Scheduler should adapt to such 

dynamic behavior. After a new resource joins the Grid, the Scheduler should be able 

to detect it automatically and leverage the new resources in the later scheduling 

decision making. When a computational resource becomes unavailable resulting from 

an unexpected failure, mechanisms such as rescheduling should be used to guarantee 

the reliability of Grid systems [16]. 

 

These challenges pose significant obstacles on the problem of designing an efficient 

and effective scheduling system for Grid environments. 

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 the processes resident on a single 

CPU are allocated and executed; a global Scheduling policy uses information about 

the system to allocate processes to multiple processors to optimize a system wide 

performance objective. Grid Scheduling falls into the Global Scheduling [17]. 

2.4.2 Static vs. Dynamic  

The next level in the hierarchy (under the Global Scheduling) is a choice between 

static and dynamic Scheduling. This choice indicates the time at which the Scheduling 

decisions are made. In case of static Scheduling, information regarding all resources 

in the Grid as well as all the tasks in an application is assumed to be available by the 

time the application is scheduled. By contrast, in the case of dynamic Scheduling, the 

basic idea is to perform task allocation on the fly as the application executes.  

2.4.3 Optimal vs. Suboptimal  

In the case that all information regarding the state of resources and the jobs is known, 

an optimal assignment could be made based on some criterion function, such as 

minimum makespan and maximum resource utilization. But due to difficulty in Grid 

scenarios to make reasonable assumptions which are usually required to prove the 
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optimality of an algorithm, current research tries to find suboptimal solutions, which 

can be further divided into the following two general categories 

2.4.4 Approximate vs. Heuristic  

The approximate algorithms use formal computational models, but instead of  

searching the entire solution space for an optimal solution, they are satisfied when a 

solution that is sufficiently "good" is found. The factors, 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 solution according to some metric.  

• Availability of a mechanism for intelligently pruning the solution space 

 
Figure 2.3: A Hierarchical taxonomy for scheduling algorithms [17] 

Heuristic represents the class of algorithms, which make the most realistic 

assumptions about a priori knowledge concerning process and system loading 

characteristics. It represents the solutions to the Scheduling problem, which cannot 

give optimal answers and require the most reasonable amount of cost and other 
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system resources to perform their function. The evaluation of this kind of solution is 

usually based on experiments in the real world or on simulation. Heuristic algorithms 

are more adaptive to the Grid scenarios.  

2.4.5 Cooperative vs. Non-cooperative  

If a distributed Scheduling algorithm is adopted, the next issue that should be 

considered is whether the nodes involved in job Scheduling are working cooperatively 

or non-cooperatively. In the non-cooperative case, individual schedulers act alone as 

autonomous entities and arrive at decisions regarding their own optimum objects 

independent of the effects of the decision on the rest of system e.g. application-level 

schedulers. In the cooperative case, each Grid Scheduler has the responsibility to carry 

out its own portion of the Scheduling task, but all schedulers are working toward a 

common system-wide goal.  

2.4.6 Distributed vs. Centralized  

In dynamic Scheduling scenarios, the responsibility for making global Scheduling 

decisions may lie with one centralized Scheduler, or be shared by multiple distributed 

schedulers. The centralized strategy has the advantage of ease of implementation, but 

suffers from the lack of scalability, fault tolerance and the possibility of becoming a 

performance bottleneck [17]. 

2.5 Types of Grid Schedulers  

Some schedulers are there which are popular. These can be discussed in the following 

way:- 

2.5.1 Condor 

Condor is workload management software that is developed by a research team 

located at the University of Wisconsin in Madison. The Condor research project 

started in 1988. There are three basic  components in a Condor installation: a central 

manager, execution hosts, and submission hosts. A checkpoint server is an optional 

fourth component. The central manager serves two main functions in a condor cluster. 

The first function is collecting the status of all of the nodes in a Condor cluster. The 

second function is to match up resource requests for job submissions with a Condor 

node that can fulfill these requirements. Any node in a Condor cluster can be 

configured to be an execution machine and a submission machine, including the 

central manager. Execution machines are those nodes that can run Condor jobs and 

submission machines are those machines where Condor jobs can be submitted. An 
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optional checkpoint server can be added to a cluster to store all of the checkpoint files 

for the jobs in the cluster [10].  

 
Figure 2.4: Condor Scheduler [10] 

2.5.2 Load Leveller 

Load Leveller is job management software available from IBM that can be used to 

schedule and load balance jobs across a cluster. Load Leveller is supported on AIX.. 

Load Leveller cluster can be made up of four different types of machine servers: 

scheduling, central manager, executing, and submitting machines. One machine in a 

cluster is designated as the central manager. It is responsible for monitoring the status 

of the other nodes and also matching up job requirements with nodes that satisfy 

them. Any number of machines may be designated as submit only machines. This is a 

workstation, which is only able to submit jobs to a cluster and run commands that 

monitor the status of jobs and kill jobs. A submit only machine is not able to run any 

jobs submitted to a Load-Leveler cluster. Scheduling machines are cluster nodes that 

manage a queue and are responsible for scheduling submitted jobs. An executing 

machine is the node were a given job is run. A single machine may have more than 

one role [10]. 
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Figure 2.5: Load Leveller Scheduler [10] 

2.5.3 PBS 

Portable Batch System (PBS) is a scheduler that was developed for NASA Ames 

Research Center by Veridian. There is an open source version available, Open PBS, 

and a commercial version available, PBSPro. There is support available with the 

commercial version as well as additional features, such as better fault tolerance, 

advance reservation, and desktop cycle scavenging.  

 
                             Figure 2.6: PBS Scheduler [10] 

The source is also available for the commercial version. 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 processes in PBS, including creation, 

modification, running, and monitoring of batch jobs. A PBS cluster contains only one 

server machine. The job executer is the machine in the cluster where a batch job is 

running. The job scheduler is responsible for scheduling jobs on the cluster; it can 

query the status of execution nodes and also query the server to determine what jobs 

need to be run [10]. 

2.5.4 Sun Grid Engine (SGE) 

Sun Grid Engine (SGE), previously known as CODINE (Computing in Distributed 

Networked Environments) or GRD (Global Resource Director), is an open source 

batch-queuing system, developed and supported by Sun Microsystems. Sun also sells 

a commercial product based on SGE, also known as N1 Grid Engine (N1GE).SGE is 

typically used on a computer farm or high-performance computing (HPC) cluster and 

is responsible for accepting, scheduling, dispatching, and managing the remote and 

distributed execution of large numbers of standalone, parallel or interactive user jobs. 

It also manages and schedules the allocation of distributed resources such as 

processors, memory, disk space, and software licenses.SGE is the foundation of the 

Sun Grid utility computing system, made available over the Internet in the United 

States in 2006, later becoming available in many other countries [36]. 

2.5.5 Globus Toolkit 

The Globus Toolkit is an open source software toolkit used for building Grid systems 

and applications. It is being developed by the Globus Alliance and many others all 

over the world. A growing number of projects and companies are using the Globus 

Toolkit to unlock the potential of grids for their cause. The toolkit includes software 

services and libraries for resource monitoring, discovery, and management, plus 

security and file management. The toolkit includes software for security, information 

infrastructure, resource management, data management, communication, fault 

detection, and portability. It is packaged as a set of components that can be used either 

independently or together to develop applications [28].  
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Table 2.1: Comparison between Various Schedulers 

Features PBS SGE Loadleveller Condor Globus 

Toolkit 

Single process 

preemptive jobs 

No Yes Yes Yes Yes 

Multi-process 

preemptive jobs 

No Yes No Yes No 

Costs Open 

Source 

Open 

Source 

Open Source Open 

Source 

Open 

Source 

Cycle Scavenging 

Grid 

Yes Yes Yes Yes Yes 

Policy based 

scheduling 

Yes Yes Yes Yes Yes 

Queue 

configuration 

Minimal Six High Very high Medium 

Backfill problem No Yes Yes No No 

Flocking 

technology 

No No No Yes No 

Queue optimization Auto-

matic 

Not 

automat

ic 

Not automatic Auto-

matic 

Not auto-

matic 

 

2.6 Fundamental Scheduling Algorithms of Operating System 

There are various scheduling algorithms which are used by the operating system. 

Some of these algorithms are explained as:- 

2.6.1 First Come First Serve (FCFS) 

Also known as First-In, First-Out (FIFO). It is a Non-preemptive scheduling. In this 

scheduling algorithm the first process to request the CPU is the one that is allocated the 

CPU first. It is Very simple but it creates problem like 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 be either preemptive or Non-

preemptive. Preemptive SJF scheduling is sometimes called shortest time first scheduling 

(STF). In this scheduling scheme the process with the shortest next CPU burst will get 

the CPU first. It minimizes average waiting times. But in this algorithm it is difficult 

to determine length of next CPU burst? Starvation of jobs with long CPU bursts [34]. 
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2.6.3 Round Robin scheduling (RR) 

It is a Preemptive scheduling. The Round-Robin scheduling scheme is similar to that of 

FCFS except preemption is added to it. In the RR scheduling scheme the CPU picks a 

process from the ready queue and sets a timer to interrupt after one time quantum. 

During this scheme two things may happen. The process may need less than one time 

quantum to execute. The process needs more than one time quantum.  

2.6.4 Priority Scheduling (PS) 

It can be Preemptive scheduling or Non-Preemptive. In this scheduling scheme a priority 

is associated with each process. Depending on the implementation of the algorithm there 

can be a range of priorities. The job that has the highest priority will be the one that is 

selected from the ready queue. This process will be allocated the CPU and the lower 

prioritized jobs will have to wait. But there is problem of Starvation arises. Starvation is 

caused when a process that is ready to be executed is not because it is still waiting for the 

CPU. The solution of this problem is Aging. Aging increases the priority of a process 

gradually [33]. 

Table 2.2: Comparison between Various Scheduling Algorithms 

                         

2.7 Conclusion 

This chapter discussed all the existing schedulers and various scheduling algorithms, 

working under different strategies, policies and categories. Both static and dynamic 

algorithms give different performance results in customized environment. Static 

algorithms always give the constant performance but dynamic algorithms are 

preferred over static due to heterogeneous and dynamic environment. Next chapter, 

chapter 3 discusses the problem formulation.  

 

Features FCFS RR PS SJF 

CPU 

Utilization 

Low High Medium Medium 

Throughput Low Medium Low High 

Turn around time High Medium High Medium 

Response time Poor Good  Good Medium 

Waiting time Low Reduced Depends Depends upon  burst length 

Starvation No No Yes Yes 

Overhead Low High High Medium 
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Chapter 3 

                                            Proposed Scheduling Algorithm   

 

In Grid environments, the shared resources are dynamic in nature, which inturn 

affects the application performance. Resource management and scheduling are the 

two main functions for this. To improve the throughput of the environment, an 

effective Scheduler is important and for the effective Scheduler an efficient algorithm 

is also fundamentally important. 

3.1 Proposed Approach  

In this thesis, the approach followed consists is based on Dynamic Time Quantum 

for the Round Robin Scheduling to improve the performance. The Scheduler will 

create a new Pool for the processes and execute them by using the Dynamic time 

Quantum scheme in which time Quantum is allocated to the processes dynamically. 

The major advantage of using Dynamic Time Quantum technique is that it will help 

in improving the performance and give the efficient results because an equal time of 

processor is allocated to each process which are in the Pool and according to the 

requirement of remaining processes a new time is allocated to them in order to 

improve the performance and produce the efficient results.  

3.2 Round Robin Scheduling 

Round-robin (RR) is one of the simplest scheduling algorithms for processes in an 

operating system, which assigns time slices to each process in equal portions and in 

circular order, handling all processes without priority. Round-robin scheduling is both 

simple and easy to implement, and starvation-free. Round-robin scheduling can also 

be applied to other scheduling problems, such as data packet scheduling in computer 

networks. But there is a problem in Round Robin scheduling as it is not applicable for 

the distributed environments. Therefore, Dynamic Time Quantum is an alternative of 

the Round Robin scheduling in the distributed environments. Equal time is allocated 

to all the processes as shown in Figure 3.1. All the processes execute completely with 

this time only. 
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Figure 3.1: Round Robin Scheduling [34] 

 

3.3 Dynamic Time Quantum Scheduling 

In the Dynamic time Quantum scheduling, same time of processor is allocated to all 

the processes. After the execution a new time is allocated to all the remaining 

processes dynamically according to their requirements. In the dynamic time Quantum,  

equal priority is assigned to each process and then according to that another time 

Quantum is assigned for all the processes. Due to this every process get the processor 

time and gives the results in an appropriate time which improves the performance.   

3.4 Proposed Algorithm 

In this algorithm firstly all the processes are executed on the basis of given time 

Quantum. After that the remaining time of all the processes is calculated. On the basis 

this calculation a new time Quantum is allocated to the processes in order to execute 

them. After this, again calculation is required to calculate how much processor time is 

required   by all the processes. On the basis of this calculation a mew time Quantum is 

allocated to all the processes. All processes get equal amount of time for their 

execution. Equal priority is considered for all the processes. This process is continued 

until all the processes complete their process. 
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3.5 Flow Chart of Proposed Algorithm 

 
         Figure 3.2: Flow chart for Dynamic time Quantum algorithm 

 

Step1:- Jobs are allocated to the processor. 

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

Step 3:- Execute all the processes. 

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

Step 5:- Then according to the remaining processes requirement allocate dynamically        

              time Quantum. 

Step 6:- Repeat steps 3-5 until all jobs are not completed. 

 

 

 

 

Start 

j=0 

time=p[i] 

time=p[i]  

Stop 

j++ 

Yes 

No 

Yes 

No 

Yes 

No 

time!=0 

pi>= 
time 

Yes 

pi= pi-time 

i=0     i++     i<=n  

p[i]< 
time 

No 
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3.6 Pseudo code for Dynamic Time Quantum Scheduling algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Firstly an array of processes are to be  submitted.. Then assign the time Quantum to 

all the processes.  Then allocate the processor to all the processes for equal interval of 

time. After that a new Quantum is assigned dynamicaaly to all the remaining 

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

 

To allocate these jobs to the scheduler, firstly define the universe then define the path 

for the execution of the processes.. Then define output file, error report file and log 

file. After that there is a need to set the path for the execution. Then by using certain 

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

             

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

memory usage. In this case computational complexity has 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;  

Begin 
            Set Pi= Value,   where i is an array of               
                                       size n 
 Set time= Value 
 Set j=0 
 While (time!=0) 
  If (pi>=time) 
   Pi=pi-time 
  End if 
            Time=p[1] 
 for i=1 to n by 1  do 
  if(p[i]<time) 
        time=p[i] 
               endif 
 endfor 
 j++ 
 endwhile 
END 
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  3.7 Conclusion 

This chapter discusses comparative study of Proposed algorithms, design and 

workflow of proposed algorithm. Next chapter discusses the installation steps of the 

scheduler and the experimental results of the algorithm. 
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Chapter  4                                                  

                Implementation and Experimental Results  

 
Dynamic Time Quantum Round Robin Algorithm has been implemented in JAVA 

programming language on Condor-7.5.1-winnt50-x86. The steps followed for the 

implementation are described below in detail with appropriate screenshots.  

4.1 Installation of Pre-requisites and Necessary Components  

4.1.1 Installation of Condor   

In the current implementation of the Dynamic time Quantum Round Robin Algorithm 

we have used Condor-7.5.1-winnt50-x86. This open source JAVA based Scheduler 

can be downloaded from the page of download for Condor [26].  

To use the Condor for the implementation of the Dynamic time Quantum Round 

Robin Algorithm we need to follow these steps; The Dynamic time Quantum Round 

Robin Algorithm is implemented in JAVA and run on Condor-7.5.1-winnt50-x86.  

To install the Condor double click on Condor-7.5.1-winnt50-x86.exe file. A welcome 

screen will appear as shown in Figure 4.1. Follow the instructions and install the 

Condor. 

 
Figure 4.1: Welcome window of Condor 
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By default Condor installs in the C;\Condor directory. After installation, start the task 

manager. There are Condor files added like Condor_startd.exe under processes tasks 

as shown in Figure 4.2. If it appears then Condor is installed. 

 
          Figure 4.2: Showing the Condor files at startup 

 

 
Figure 4.3:- Running view of Condor 
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4.2 Test Results 

CASE 1:-Assume four processes arrived at time = 0, with burst time (P1 = 20, P2 = 

40, P3 = 60, P4 = 80). Table 4.1 gives this description of all the processes in which 

includes the burst time and arrival time for all the processes. Table 4.2 shows the 

average waiting time and the average turnaround time for all the processes and also 

shows the comparison of the existing algorithms with the new proposed algorithm in 

terms of average waiting time and the average turnaround time. Then Figure 4.4 

shows the average waiting time comparisons between all the existing algorithms and 

the new proposed algorithm graphically and Figure 4.5 shows the average turnaround 

time comparison between all the existing algorithms and the new proposed algorithm 

graphically 

                                                      Table 4.1: Process description  

Process Arrival Time Burst Time 

P1 
0 20 

P2 
0 40 

P3 
0 60 

P4 
0 80 

 

Table 4.2:  Average waiting time and turnaround time of all the Scheduling Algorithms 

Scheduling Algorithms Average Waiting 

Time 

Average Turnaround 

Time 

First-Come-First-Serve 50 100 

Shortest-Job-First 50 100 

Round Robin 70 120 

Priority Scheduling 65 115 

Dynamic time Quantum 

Round Robin 

62.5 65 
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                            Figure 4.4:- Comparison of average waiting time 
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              Figure 4.5:- Comparison of average turnaround time 

 

CASE 2:-Assume three processes arrived at time = 0, with burst time (P1 = 5, P2 = 8, 

P3 = 4). Table 4.3 gives this description of all the processes in which includes the 

burst time and arrival time for all the processes. Table 4.4 shows the average waiting 

time and the average turnaround time for all the processes and also shows the 

comparison of the existing algorithms with the new proposed algorithm in terms of 

average waiting time and the average turnaround time. Then Figure 4.6 shows the 

average waiting time comparisons between all the existing algorithms and the new 

proposed algorithm graphically and Figure 4.7 shows the average turnaround time 

comparison between all the existing algorithms and the new proposed algorithm 

graphically 
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                                                       Table 4.3: Process description  

Process Arrival Time Burst Time 

P1 
0 5 

P2 
0 8 

P3 
0 4 

 

Table 4.4: 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 

Round Robin 

14 8.33 
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                                          Figure 4.6:- Comparison of average waiting time 
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                                        Figure 47:- Comparison of average turnaround time 

 

 
Figure 4.8: Result on Condor 

CASE 3:-Assume three processes arrived at time = 0, with burst time (P1 = 15, P2 = 

4, P3 = 2). Table 4.5 gives this description of all the processes in which includes the 

burst time and arrival time for all the processes. Table 4.6 shows the average waiting 

time and the average turnaround time for all the processes and also shows the 

comparison of the existing algorithms with the new proposed algorithm in terms of 

average waiting time and the average turnaround time. Then Figure 4.9 shows the 

average waiting time comparisons between all the existing algorithms and the new 

proposed algorithm graphically and Figure 4.10 shows the average turnaround time 

comparison between all the existing algorithms and the new proposed algorithm 

graphically 
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                                                         Table 4.5: Process description  

Process Arrival Time Burst Time 

P1 
0 15 

P2 
0 4 

P3 
0 2 

                                                

Table 4.6: 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 Quantum 

Round Robin 

4.66 11.66 
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                                    Figure 4.9:- Comparison of average waiting time 



 39 

0
2
4
6
8

10
12
14
16

Burst Sequences---------->A
vg

. 
T

u
rn

ar
o

u
n

d
 t

im
e-

--
--

--
->

FCFS

SJF

PS

RR

DQRR

 
                                Figure 4.10:- Comparison of average turnaround time  

 

CASE 4:-Assume four processes arrived at time = 0, with burst time (P1 = 14, P2 = 

10, P3 = 20, P4 = 5). Table 4.7 gives this description of all the processes in which 

includes the burst time and arrival time for all the processes. Table 4.8 shows the 

average waiting time and the average turnaround time for all the processes and also 

shows the comparison of the existing algorithms with the new proposed algorithm in 

terms of average waiting time and the average turnaround time. Then Figure 4.11 

shows the average waiting time comparisons between all the existing algorithms and 

the new proposed algorithm graphically and Figure 4.12 shows the average 

turnaround time comparison between all the existing algorithms and the new proposed 

algorithm graphically 

  

                                                 Table 4.7: Process description for  

Process Arrival Time Burst Time 

P1 
0 14 

P2 
0 10 

P3 
0 20 

P4 
0 5 
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Table 4.8: 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 Quantum 

Round Robin 

18.75 35.75 
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          Figure 4.11:- Comparison of average waiting time 
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            Figure 4.12:- Comparison of average turnaround time 

 

 4.3 Conclusion  

This chapter discussed the steps of installing the Condor Scheduler and experimental 

results of proposed algorithm.  
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                                                                                                      Chapter 5

  Conclusion and Future Scope   

 
This chapter discusses the conclusions of the work presented in this thesis. The 

chapter ends with a discussion of the future directions. 

5.1 Conclusion  

The work presented in this thesis describes multiple aspects of grid computing and 

introduces numerous concepts which illustrate its grand capabilities. Grid Computing 

is definitely a promising tendency to solve high demanding applications and its 

related problems. Main objective of the grid environment is to achieve high 

performance. 

Dynamic nature and complexity of Grid makes scheduling very complex There are a 

number of factors, which can affect the grid application performance like Scheduling, 

heterogeneity of resources and resource sharing in the Grid environment.  

This Thesis primarily focuses on scheduling the jobs in an optimized manner. The 

user submits the numbers of jobs to the scheduler. Then these jobs are executed by 

the scheduler on the basis of Dynamic time Quantum. This technique allocates the 

best time Quantum to the processes for improving their performance. At the end of 

the execution all the processes have to be executed completely which are submit by 

the users. This work demonstrates the efficiency of the proposed algorithm through 

experimental results and validation with traditional algorithms. 

 

5.2 Future Scope  

• Instead of Condor scheduler, this algorithm can be run on another scheduler. After    

      the installation of the scheduler the same algorithm can be run on it and the results   

      can be matched. 

• The same algorithm can be coded in other languages. The performance of 

that new algorithm can be validated with the performance this existing 

algorithm. 

• There are various operating systems on which the Condor scheduler can be 

installed. This can be done by following the instructions given in the 

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

 
Installation Steps of Condor 
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