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Abstract

Grid Computing is a service aggregation of both the information and the
computational resources in heterogeneous environment. It allows the sharing of
geographically distributed resources in an efficient way, extending the boundaries of
what we perceive as distributed computing. Various sciences such as life sciences, e-
sciences etc can benefit from the use of grids to solve computation intensive and data
intensive problems thereby, creating potential benefits for the entire society. With
further development of grid technology, it is very likely that enterprises, academic
institutions and naive users will exploit grids to enhance their computing

infrastructure.

To manage the Grid resources efficiently, a Grid Resource Management System is
required. It deals with the process of identifying requirements, matching resources to
applications, allocating, monitoring and scheduling these resources. Due to
dynamicity and heterogeneity of Grid resources as well as grid applications,
scheduling becomes a challenging task. The presence of large number of resources
and diverse set of jobs to be scheduled further makes scheduling, a complex

optimization problem.

In this thesis an efficient scheduling algorithm is proposed, which optimizes the
makespan of the job to be scheduled on Grid. The proposed algorithm efficiently
schedules jobs having arbitrary inter-dependency constraints and arbitrary processing
durations. A user-friendly interface has also been designed for the scheduler. The

proposed algorithm is implemented using DAG (Directed Acyclic Graph) approach.

The Makespan Optimization Algorithm is simulated using Open Source GridSim
Toolkit 4.1. The outcomes of the Algorithm simulation on GridSim Toolkit, under

different test scenarios shows that, it optimizes makespan.

iii
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Organization of Thesis

The First Chapter briefly introduces Grid Computing concepts. It explains concept of
Grid Computing with relevant examples, Building blocks of Grid, Benefits,

Applications of Grid Computing and Grid Topologies.

The Second Chapter presents Review of Literature in Grid Scheduling. It covers Grid
Application Considerations, Challenges in Grid Scheduling, Generic Grid Scheduler
Architecture and Steps involved in Grid Scheduling. Further parameters to be

considered while scheduling are also covered.

The Third Chapter covers Problem Formulation for this thesis work and explains the
Proposed Solution Design. The Proposed Makespan Optimization Algorithm for

Scheduling in Grids is presented with complete terminology and complexity analysis.
The Fourth Chapter explains the Experimental Setup and Implementation Details. It
covers setting up the environment for simulation of proposed solution on GridSim

Toolkit 4.1 with relevant screenshots at each point.

The Fifth Chapter presents the Experimental results obtained and inferences drawn

henceforth.

Finally Thesis work has been concluded in Sixth Chapter along with mention of scope

for future work.
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Chapter 1

Introduction

1.1 Overview of 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 provide 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.

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 [1].

Grid applications often involve large amounts of data and computing and often
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 Grid systems, an important functionality is resource scheduling. Given
a description of grid resources and jobs that are to be submitted to grid
environment, the scheduler takes the decision about how jobs are to be

assigned to resources.
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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. Grid
computing tries to bring, under one definitional umbrella all the work being done in

the high performance, cluster, peer-to-peer, and Internet computing arenas.

!. -, ~\ -
S — \T{Grid Mgt & E

—— Organization | ——

==

Figure 1.1: A Simple Grid [11].

The Need for Grid Technologies

e Increasingly complex problems

e Need for high computation and storage
By providing scalable, secure, high-performance mechanisms for discovering and
negotiating access to remote resources, the Grid promises to make it possible for
scientific collaborations to share resources on an unprecedented scale, and for
geographically distributed groups to work together in ways that were previously

impossible.
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1.2 Building Blocks of The Grid

1.2.1 Networks

Networks form the heart of any Grid as it links together geographically distributed
resources and allows them to be used collectively to support execution of a single
application. High bandwidth networks enable applications to use distributed resources

in a more integrated and data-intensive fashion.

1.2.2 Computational ‘Nodes’

Networks connect heterogeneous resources on the Grid, computers being
the most important among them with their associated data storage and
computational power. Grid computing involves high-performance parallel
machines or clusters that provide major resources for simulation,

analysis, data mining and other compute-intensive activities.

1.2.3 Common Infrastructure: Standards

To allow incorporation of new technologies and software interoperability into Grid
computing, standards are required. The Global Grid Forum (GGF) [4] is building key
Grid-specific standards such as OGSA, the emerging de facto standard for Grid
infrastructure. Also the Web and the W3C consortium [5] have defined key standards
such as TCP/IP, HTTP, SOAP, XML and WSDL (Web Services Definition
Language) that underlines OGSA.

1.3 Benefits of Grid Computing

1.3.1 Exploiting Underutilized Resources

In most organizations, there are large amounts of underutilized computing resources.
Most desktop machines are busy less than 5% of the time. Often, machines have
enormous unused disk drive capacity. Grid computing provides a framework for
exploiting these underutilized resources. Data grid can be used to aggregate the
unused 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.
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1.3.2 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 [11].

1.3.3 Parallel Computing

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 in the Grid.

1.3.4 Virtual Resources and Virtual Organizations for Collaboration

The users of the grid can be organized dynamically into a number of virtual
organizations, each with different policy requirements. These virtual organizations
can share their resources collectively as a larger grid. The grid can help in enforcing
security rules and implement policies, which can resolve priorities for both resources

and users [11].

1.3.5 Resource Balancing

The Grid framework can be used to improve resource utilization. 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 [11].

1.3.6 Reliability

The systems in a grid can be relatively inexpensive and geographically dispersed.
Thus, if there is a power failure or other kind of failure at one location, the other parts
of the grid are not likely to be affected. Grid management software can automatically

resubmit jobs to other machines on the grid when a failure is detected. Jobs can even
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be submitted multiple times in order to ensure that at least one copy of the job

executes successfully.

1.4 Grid vs. other Related Technologies

1.4.1 Grid vs. Distributed Computing

Distributed computing is a subset of grid computing. The difference between Grid
Computing and traditional distributed computing lies in computation size, scope,
heterogeneity and communication. Grid Computing is distinguished from
conventional distributed computing by its focus on large-scale resource sharing,

innovative applications, and, in some cases, high-performance orientation.

1.4.2 Grid vs. Cluster Computing

As clusters and Grids both operate on the same underlying principle that a group of
computers acts as one but there are certain differences.
e In clusters, a centralized resource manager performs the resource allocation
and all nodes work together cooperatively as a single unified resource. Within
a Grid, each node has its own resource manager and provision of a single
system view is not a goal.
e While Grids consist of heterogeneous resources, cluster computing is
primarily concerned with homogeneous computational resources.
e Grid Computing integrates storage, networking, and computation resources.
Clusters usually contain a single type of processor and operating system.
e Clusters contain a static number of processors and resources. Resources are
provided and removed from the Grid on an ongoing basis.
e Clusters are homogeneous and in close physical proximity to one another,

while Grids can be heterogeneous and geographically distributed [12].

1.5 Grid Architecture

The grid architecture defines the purpose and functions of its components, while
indicating how these components interact with one another [13]. The main focus of
the architecture is on interoperability among resource providers and users in order to

establish the sharing relationships. This interoperability, in turn, necessitates common
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protocols at each layer of the architectural model, which leads to the definition of a
grid protocol architecture.

This protocol architecture defines common mechanisms, interfaces, schema, and
protocols at each layer, by which users and resources can negotiate, establish,
manage, and share resources. Figure 1.5 shows the component layers of the grid
architecture and the capabilities of each layer. Each layer shares the behaviour of the

underlying component layers.

1.5.1 Fabric Layer

The fabric layer defines the interface to local resources, which may be shared. This
includes computational resources, data storage, networks, catalogs, software modules,

and other system resources.

Grid Application Application  Internet
Protocol | | Protocol
Architecture * Architecture
| Collactive
Resource
¥ Transport
Cannectivity
Internet
Fabric Link

Figure 1.2: The Layered Grid Architecture [13]

1.5.2 Connectivity Layer

The connectivity layer defines the basic communication and authentication protocols

required for grid-specific networking-service transactions.

1.5.3 Resource Layer

This layer uses the communication and security protocols (defined by the connectivity
layer) to control secure negotiation, initiation, monitoring, accounting, and payment

for the sharing of functions of individual resources. The resource layer calls the fabric
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layer functions to access and control local resources. This layer only handles
individual resources, ignoring global states and atomic actions across the resource

collection pool, which are the responsibility of the collective layer.

1.5.4 Collective Layer

While the resource layer manages an individual resource, the collective layer is
responsible for all global resource management and interaction with collections of
resources. This protocol layer implements a wide variety of sharing behaviours using

a small number of resource-layer and connectivity-layer protocols.

1.5.5 Application Layer

The application layer enables the use of resources in a grid environment through

various collaboration and resource access protocols.

1.6 Grid Applications

The Grid serves as an enabling technology for a broad set of applications in science,
business, entertainment, health and other areas. As we continue to develop the
software infrastructure that better realizes the potential of the Grid, the application

and user community for the Grid will continue to expand.

Life Science Applications
One of the fastest-growing application areas in Grid Computing is the Life Sciences.

Computational biology, bioinformatics, genomics, computational neuroscience and
other areas are implementing Grid technology to access, collect and mine data. For
e.g. the Protein Data Bank [6], the myGrid Project [7], the Biomedical Information
Research Network (BIRN) [8], accomplish large-scale simulation and analysis.

Engineering Oriented Applications

The Grid has provided an important platform for making resource-intensive
engineering applications more cost-effective. The NASA IPG [9] in the United States

is a large-scale engineering-oriented Grid application that provides a blueprint for
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revolutionizing the way in which NASA executes large-scale science and engineering
problems. Figure: 1.2 shows a set of Web (OGSA) services for satellite control, data

acquisition, analysis, visualization and linkage with simulations.
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Figure 1.3: A Grid for Satellite Operation Showing Spacecraft Operation [9]

Data Oriented Applications

The Grid can be used to collect, store and analyze data and information, as well as to
synthesize knowledge from data. An example of a data-oriented application is
Distributed Aircraft Maintenance Environment (DAME) [10]. DAME is an industrial
application being developed in the United Kingdom in which Grid technology is used
to handle the gigabytes of in-flight data gathered by operational aircraft engines and
to integrate maintenance, manufacturer and analysis centers. The project aims to build

a Grid-based distributed diagnostics system for aircraft engines.
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Figure 1.4: DAME Grid to Manage Data from Aircraft Engine Sensors [10].

Commercial Applications

In the commercial world, Grid, Web and distributed computing, and information
concepts are being used in an innovative way in a wide variety of areas including
inventory control, enterprise computing, games and so on.

Enterprise computing areas where the Grid approach can be applied include:

* End-to-end automation

* End-to-end security

* Virtual server hosting

* Disaster recovery

* Heterogeneous workload management

* End-to-end systems management

» Scalable clustering

* Accessing the infrastructure

« “Utility’ computing

* Accessing new capability more quickly

* Better performance

* Reducing up-front investment
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» Gaining expertise not available internally

* Web-based access (portal) for control (programming) of enterprise function.

Trends in research: e-Science in a collaboratory

E-Science captures the new approach to science involving distributed global
collaborations enabled by the Internet and using very large data collections and high-
performance visualizations. E-Science is about global collaboration in key areas of
science, and the next generation of infrastructure, namely the Grid, that will enable it.

Figure 1.4 summarizes the e-Scientific method [17].
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Figure 1.5: Computational Science and Information Technology merge in e-Science
[17].

1.6.1 Grid Application Considerations

Grid applications can be categorized in one of the following three categories:
e Applications that are not enabled for using multiple processors but can be
executed on different machines.
e Applications that are already designed to use the multiple processors of a grid.

o Applications that need to be modified or rewritten to better exploit a grid.

10
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1.6.1.1 CPU Considerations for Grid Application

High Performance Computing clusters are sometimes used to handle the execution of
applications consume large amounts of CPU time and that can utilize parallel
processing, grids provide the ability to run these applications across a set of
heterogeneous, geographically disperse set of clusters. If the algorithm is such that
each computation depends on the prior calculation, then a new algorithm would need

to be found. Not all problems can be converted into parallel calculations [15].

For e.g., take the process of adding up a large list of numbers. The simple serial
program may be written to add numbers. Here each calculation depends on prior one.

We could break the list up into seven pieces, for e.g., with seven separate programs
adding up the numbers in each list, and then a final eighth program adding the seven

sums to form the final answer.

Some computations cannot be rewritten to execute in parallel. For example, in
physics, there are no simple formulas that show where three or more moving bodies in

space will be after a specified time when they gravitationally affect each other.

Processors

Serial
Application
Executed

Z2THEIT+ FHHER2HT 21 #5581 230E164 22T 720 520 52THOT 26 27 G4 . __#B324071 + 753+ DB+ 2252423

= Time |

Figure 1.6: Rearranging computations to execute in parallel [15]
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These kinds of computations are done by applying Newton’s laws to small time
increments, and computing how the forces and bodies affect each other, given the new
position of the objects after each tiny time increment. Because the time increments are
not infinitely small, after many increments, the small errors start adding up.

An application may be a mix of independent and dependent computations. One needs

to analyze the application to see if there is a way to split some subset of the work.

Another approach to reducing data dependency on prior computations is to look for
ways to use redundant computations. If the dependency is on a subset of the prior
computations, we may recompute those results instead of waiting for them to arrive
from another job. If the dependency is on a computation that has a yes/no answer, it is
better to compute the next calculations for both of the “yes” and “no” cases and throw
away the wrong choice when the dependency is finally known, as illustrated in figure.

This technique can be taken to extremes in various ways.

Here heuristics (rules of thumb) could be developed to make the best possible

guesses.

By altering some potentially unimportant rules in the computations involved in a
calculation, we may be able to break the ordering requirement and thus make it

possible to execute more of the application in parallel.

Processors Parallel application

‘ executed

Precedin T
mtmdu:ﬂ —0 o1

Copy 1.of Mext
[° ™ calculation

SN SuWwer

| gl COpF2otNest | _p i : o
calkculation i Serial application executed

calculation

FBCesiiTE =0 or 1-’{ Mext calculation ‘*EHEWW

= Time

Figure 1.7: Redundant Speculative Computation to Reduce Latency [15]
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For example, in a bank account, deposits and withdrawals are serially calculated and
if the account ever goes negative, then the transaction may be rejected, a fine may be
imposed, or the account may be frozen. If, however, the bank changes its rules and
says that the account must simply be positive at the end of the day. Then withdrawals
processed before the deposits would not cause a problem and all of these calculations

could be broken up into separate parallel running jobs.

Another approach for grid enabling an application is to revisit the choices made when
the application was originally written. Saving the results of computation performed
more than once using the same data will reduce significant portion of the overall

work.

In a distributed application, partial results or data dependencies may be met by
communicating among sub jobs. One job may compute some intermediate result

and then transmit it to another job in the grid.

1.6.1.2 Data Considerations for Grid Applications

When splitting applications for use on a grid, it is important to consider the amounts
of data that are needed to be sent to the node performing a calculation and the time
required to send it. If the application can be split into small work units requiring little
input data and producing small amounts of output data, that would be most ideal. The
data in this kind of case is said to be “staged” to the node doing the work. Sending
this data along with the executable file to the grid node doing the work is part of the
function of most grid systems.
The goal is to locate the shared data closer to the jobs that need the data. If the data is
going to be used more than once, it could be replicated to the degree that space
permits. One should exercise caution not to create situations, which might cause a
synchronization deadlock with two sub jobs waiting for each other to unlock a
resource, the other needs.
There are three ways that are usually used to prevent this problem.
e Waits for resources to include time-outs. If the time-out is reached, then the
operation must be undone and started over in an attempt to have better luck at

completing the transaction.
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e Lock all of the resources in a predefined order ahead of the operation. If all of
the locks cannot be obtained, then any locks acquired should be released and

then, after an optional time period, another attempt should be made.

Use deadlock detection software. A transitive closure of all of the waiters is computed
before placing the requesting task into a wait for the resource. If it would cause a
deadlock, the task is not put into a wait. The task should release its locks and try again
later. If it would not cause deadlock, the task is set to automatically wait for the

desired resource [15].

1.7 Grid Types

Grids can be classified on the basis of two parameters
e Grid Functionality
e Grid Topology

1.7.1 Grids as Classified by Functionality:

According to the distinctly targeted application realms, Grid systems can be classified
into two categories [14]. But there are actually no hard boundaries between these Grid
categories. Real Grids may be a combination of two of these types. The two

categories of Grid systems are described below:

Computational Grid

Computational Grids can be recognized by these primary characteristics:
e Made up of clusters of clusters.
e Enables CPU scavenging to better utilize resources.
e Provides the computational power to process large-scale jobs to satisfy the

business requirement for instant access to resources on demand

Data Grid

Data Grids focus on providing secure access to distributed and heterogeneous pools of
data. For applications that require access to large amounts of data often terabytes of

data, data Grids are used.
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Figure 1.9: Visualization of a Data Grid [27]

1.7.2 Grids as Classified by Topology:

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 [14].
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IntraGrid ExtraGrid InterGrid

Single organizations Multiple organizations Many organizations
No partner integration Partner integration Multiple partners

A single cluster Multiple clusters Many multiple clusters

Table 1.1: Grids as Classified by Topology

Figure 1.10: Grid Types [11]

1.8 Grid Components

In this section, we describe at a high level the primary components of a grid

environment.

Portal / User Interface

A grid portal provides the interface for a user to launch applications that will use the
resources and services provided by the grid. From this perspective, the user sees the
grid as a virtual computing resource just as the consumer of power sees the receptacle
as an interface to a virtual generator.

Security

The security component of Grid Computing is of crucial concern. A major
requirement for grid computing is security. At the base of any grid environment, there

must be mechanisms to provide security, that perform following functions:
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e Secure communication between elements of a computational Grid.

« Security across organizational boundaries, thus prohibiting a centrally-
managed security system.

o Facilities like "single sign-on" for users of the Grid, including delegation of

credentials for computations that involve multiple resources and/or sites.

S /
E Execute, Gel
~ . Status, Results
: - Scheduler
User U
Personal Interface R ¢ ’
Computer [ > Data
-
Y Management
<4 >
| Management Heterogeneous

\ J Set of Resources

Figure 1.11: Grid Components

Workload Management

Applications that a user wants to run on a Grid must be aware of resources that are
available. Application can communicate with the workload manager to discover the

available resources and their status.

Data Management

Data management is required for ensuring data is available when the job is scheduled
to run. A secure and reliable data management facility takes care of moving required

data to the right place across various machines, encountering various protocols.

Scheduler

A Grid scheduler must make resource selection decisions in an environment where it

has no control over the local resources, the resources are distributed, and information
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about the systems is often limited or dated. This can be as simple as taking the next
available resource, but often this task involves prioritizing job queues, managing the

load, finding idle machines.

1.8.1 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 [15]. 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.

Effective Grid computing is possible, only if the resources are scheduled well. 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.

1.8.2 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.

Grid Scheduling is a software framework with which the scheduler collects resource

state information, selects appropriate resources, predicts the potential performance for
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each candidate schedule, and determines the best schedule for the applications to be

executed on a Grid System subject to QoS goals.

Jobs and subjobs to run
e
2 ;E'g_-, %ﬁ‘. Job queue Job scheduler
1____%_‘\»{1;\ ..-...._ =
.r- 3 u,-g%

Collecting results

Figure 1.12:Application is one or more jobs that are scheduled to run on grid [11]

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.

Differences between a Grid scheduler and a local resource scheduler:

Grid scheduler does not “own” the resources at a site (unlike the local resource
scheduler) and therefore does not have control over them. The Grid scheduler must
make best-effort decisions and then submit the job to the resources selected, generally
as the user. Furthermore, often the Grid scheduler does not have control over the full
set of jobs submitted to it, or even know about the jobs being sent to the resources it is
considering use of, so decisions that tradeoff one job’s access for another’s may not
be able to be made in the global sense. This lack of ownership and control is the

source of many of the problems to be solved in this area.
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Chapter 2

Review of Literature: Grid Scheduling

2.1 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:
e Interact with local resource managers
e Interact with external services that are not defined in the Grid Scheduling
Architecture, like information, forecasting, submission, security or execution
services
e Receive a scheduling problem

e Calculate a schedule, and return a scheduling decision

Real resources lay on the bottom of the architecture in the Figure each being Managed
by a Local Resource Manager (LRM). An LRM act as the interface between a Grid
Scheduler and a local autonomous site. A Local Resource Manager (LRM) is mainly
responsible for two jobs: 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 [28].

Information Service

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) [33] is an example
of GIS [28].
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Figure 2.1: General Grid Scheduler Architecture [16]

Application Profiling and Analytical Benchmarking

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 [28].

Grid Scheduler

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.
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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

potential based on the performance model.

Resource Allocation

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.

2.2 Grid Scheduling Approaches

2.2.1 Application Centric

Scheduling systems in the application centric category try to favor performance of
individual applications. Typical performance goals sought by application-centric
Scheduling systems include minimizing execution time, maximizing the speed up etc.
e.g. an application-centric Scheduling system will exploit a mapping algorithm, which
allocates the application to resources that are likely to produce the best performance

without considering the rest of pending applications.

2.2.2 System-Centric

A system centric Scheduling system concerns the overall performance of the whole
set of applications and the whole Grid system. The performance goals desired by a
system centric policy typically include resource utilization, system throughput and
average application response time. Ordering on the pending applications is usually

performed in order to achieve a higher system centric performance.

2.2.3 Economy Based

An economy based Scheduling system introduces the idea of market economy. Under
this scheme, Scheduling decisions are made based on the economy model. The
economy model defines each application having the desired QoS, such as execution

time and deadline and the cost that the application will pay for the desired QoS; each

22
Gupreet Kaur, 80631005



Computer Science and Engineering Deptartment TU, Patiala

resource is specified by its cost and the capacity. For each application, it wants to get
as higher QoS as possible within the budget constraint. For each resource, it wants to
get profit as much as possible by keeping itself busy. Nimrod-G is a Scheduling

system, which exploits idea of economy mechanism.

2.3 Grid Scheduling Procedure

Grid Scheduling involves 3 phases:
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 fulfil 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 [15].
Steps in Resource Discovery

1. Authorization filtering,
2. Job requirement knowledge, and

3. Filtering to meet the minimal job requirements.

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 any information about the job that should be specified to make

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

Phase 2: System Selection
Step 4: Dynamic Information Gathering

In order to make the best possible job/resource match, detailed dynamic information
about the resources is needed. The dynamic information-gathering step has two
components: what information is available and how the user can get access to it. The
information available will vary from site to site, and users currently have two man

sources—a GIS and the local resource scheduler.

Step 5: System Selection

With the detailed information gathered in Step 4, the next step is to decide which
resource (or set of resources) to use. For example Condor matchmaking, multi-criteria

and meta-heuristics.

Phase 3: Job Execution
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.
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Phase One-Resource Discovery
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Phase Three- Job Execution
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7. Job Submission

i 8. Preparation Tasks

Phase Two - System Selection / 0. Monitoring Progress

10 Job Completion
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11. Clean-up Tasks
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Figure 2.2: Resource Scheduling Phases [15]

Step 7: Job Submission

Once resources are chosen, the application can be submitted to the resources. Job
submission may be as easy as running a single command or as complicated as running
a series of scripts and may or may not include setup or staging (see Step 8). In a Grid
system, the simple act of submitting a job can be made very complicated by the lack

of any standards for job submission.

Step 8: Preparation Tasks

The preparation stage may involve setup, staging, 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 NASA was considered
unsuccessful because it did not address the need to stage files automatically. Most
often, a user will run ftp or a large file transfer protocol such as GridFTP to ensure

that the data files needed are in place. In a Grid setting, authorization issues, such as
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having different user names at different sites or storage locations, as well as

scalability issues, can complicate this process.

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

straightforward.

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
S0 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.

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.

2.4 Challenges in Grid Scheduling

2.4.1 Resource Heterogeneity

Networks used to interconnect the resources may differ significantly in terms of their

bandwidth and communicational protocols. Heterogeneity in Computational resources
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is due to 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 cannot be considered uniformly [16].

2.4.2 Site Autonomy

In a Grid resources are usually autonomous and the Grid scheduler does not have full
control of the resources. It cannot violate local policies of resources, which makes it
hard for the Grid scheduler to estimate the exact cost of executing a task on different
sites. The autonomy also results in the diversity in local resource management and
access control policies, such as, the priority settings for different applications and the

resource reservation methods [28].

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.
2.4.3 Local Priority

Each site within the Grid has its own Scheduling policy. 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.

2.4.4 Resource Non-Dedication

Due to the non-dedication of resources, a resource may join multiple Grids
simultaneously. Also the workloads from both local users and other Grids share the

resource concu rrently.

2.4.5 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 [16].
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2.4.6 Dynamic Behavior

Dynamics exists in both the networks and computational resources. Grid schedulers
work in a dynamic environment where the performance of available resources is
constantly changing. The change comes from site autonomy and the competition by
applications for resources. For example many parties may share a network and hence it
cannot provide guaranteed bandwidth. Both the availability and capability of
computational resources will exhibit dynamic behavior. Resources may join or leave
Grid dynamically or there may be network failures. 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 use these resources in the later

Scheduling decision-making process.

2.5 Parameters to be Considered While Scheduling

To arrive at a scheduling decision, the scheduling system needs to take various

parameters into consideration including the following: [18]

e Resource Architecture and Configuration

e Resource Capability (clock speed, memory size)

e Resource State (such as CPU load, memory available, disk storage free)
e Resource Requirements of an Application

e Access Speed (such as disk access speed)

e Free or Available Nodes

e Priority (that the user has)

e Queue Type and Length

e Network Bandwidth, Load, and Latency (if jobs need to communicate)
o Reliability of Resource and Connection

e User Preference

e User Capacity/Willingness to Pay for Resource Usage

e Resource Cost Variation in terms of Time-scale

e Historical Information, including Job Consumption Rate

e Deadline (period by which an application execution needs to be completed)
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2.6 Grid Scheduling Algorithms

The Grid Scheduling Algorithms can be classified as:
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Figure 2.3: A Hierarchical taxonomy for scheduling algorithms

2.6.1 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 [28].
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2.6.2 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.

2.6.3 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
optimality of an algorithm, current research tries to find suboptimal solutions, which

can be further divided into the following two general categories.

2.6.4 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:

e Auvailability of a function to evaluate a solution.

e The time required evaluating a solution.

e The ability to judge the value of an optimal solution according to some metric.

e Availability of a mechanism for intelligently pruning the solution space.

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
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.
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2.6.5 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.

2.6.6 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.
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Chapter 3
Proposed Grid Scheduling Algorithm

Grid Computing is a service aggregation of both the information and the
computational resources in heterogeneous environment. To manage these resources
efficiently a Grid Resource Management System is required. It deals with the process
of identifying requirements, matching resources to applications, allocating,
monitoring and scheduling those resources. Due to dynamicity and heterogeneity of
resources as well as grid applications, scheduling becomes challenging. In general
grid scheduling is a NP hard problem [19]. A problem is NP-hard if solving it in
polynomial time would make it possible to solve all problems in class NP in

polynomial time.

NP-hard

R NP-complete

Figure 3.1: Relationship between NP-Hard, NP-Complete & NP Problems [19]

This chapter presents an efficient scheduling algorithm, which aims to optimize the
makespan. The proposed algorithm is implemented using DAG approach and
comparative results show that it optimizes makespan.
The problem of scheduling a set of tasks to a set of processors can be divided into two
categories:

e Job scheduling,

e Job mapping and scheduling.
In the former category, independent jobs are to be scheduled among the processors of
a distributed computing system to optimize overall system performance. In contrast,
the mapping and scheduling problem requires the allocation of multiple interacting
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tasks of a single parallel program in order to minimize the completion time on the
parallel computer system. The mapping and scheduling problem can be addressed in
both static as well as dynamic contexts. To generate the schedule, our technique is
based on the traditional list scheduling approach in which we construct a list and
schedule the nodes on the list one by one to the processors.

List scheduling is a class of scheduling in which tasks are assigned priorities and
placed in a list, which is ordered in decreasing magnitude of priority. The selection of
tasks to be processed is done on the basis of priority with higher-priority tasks being
assigned to resources first [19]. Many list heurists have been invented, and some new
proposals can be found in [20], [21] and [22] as well as the comparison of their

algorithms with older ones

In this chapter we present a Grid Scheduling Algorithm, which optimizes makespan.
Makespan is defined as the maximum time taken for the completion of all the tasks in
a given application. For this purpose our implementation model consists of a Directed
Acyclic Graph (DAG).

Assumptions:

Proposed scheduling algorithm makes simplifying assumptions about the architecture

of parallel programs and target computing systems such as:

e Uniform computational cost of tasks

e Negligible communication cost between tasks

e Heterogeneous Grid Computing Environment, which has a finite number of
computing resources in a fully connected topology.

e An application consists of finite number of tasks

The algorithm can handle multiple independent jobs with precedence constraints
among job tasks and arbitrary job lengths. The algorithm is based on list scheduling
concept. We assume that any machine can execute the task and communicate with
other machine at the same time. Once a machine has started task execution it
continues without interruption and after completing the execution it immediately

sends the output data to all children tasks in parallel.
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3.1 Problem Formulation

The implementation model consists of a Directed Acyclic Graph (DAG).
Directed Acyclic Graph (DAG): Directed acyclic graphs are directed graphs with
no directed cycles that is, for any vertex v, there is no nonempty directed path that

starts and ends on v.

e A finite DAG has at least one source and at least one sink.

e The depth of a vertex in a finite DAG is the length of the longest path from a

source to that vertex, while its height is the length of the longest path from that
N
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11 @ 17
C
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16 ~
14
F

D E

vertex to a sink.

Figure 3.2 (a): Scheduling in Grids

Figure 3.2 (b): Directed Acyclic Graph (DAG)
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Scheduling in grids is similar to DAG. The nodes in the figure 3.2 (a) represent a
scheduling scenario in grid environment. In figure 3.2 (a) A, B, C, D, E, F represent
the resources on which tasks will be executed and the directed edges represent the
execution dependencies as well as the amount of communication. This can be mapped
to Directed Acyclic Graph (DAG) as shown in figure 3.2 (b). The numerical value
besides each node denotes the computational cost of the task and the numerical value
on each directed edge indicate communication cost between the pair of nodes
connected. Scheduling is done in such a manner that the precedence constraints

among the tasks are preserved.

Given n jobs to be scheduled on a set of m machines. Jobs have certain size that can
be specified as Million Instruction (MI) and machines have processing speed, which
can be specified in Million Instructions Per Second (MIPS). We consider the problem
formulation in which an instance of the problem consists of the following.

e Given a set of jobs and a set of machines

e Number of jobs that must be scheduled with different processing length

e Number of heterogeneous machines to participate in the schedule.

e Workload of each task (MI).

e Computing capacity of each machine (in MIPS).

o Total execution time of the job on a given Grid Resource

e Expected Time to Compute, ETC, where ETC; indicates the expected

execution time of task i in machine j.

e Jobs have precedence constraints.

e There may be setup times for different types of jobs.
Precedence constraints between jobs are given in the form of a partial order. If j <k,
processing of job k cannot start until job j's execution is completed. The objective is

to find a non-preemptive schedule to minimize the makespan of the schedule.

3.2 Proposed Makespan Optimization based Grid Scheduling
Algorithm
It is assumed that the job consists of gridlets or tasks. The grid scheduler assigns these

gridlets or tasks to resource. Also it is assumed that each computational resource can

run one application at a time, and must run that application to completion.
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Let T be a set of n gridlets and m is the number of computational resources in a grid.
We define a schedule of T as follows: A schedule S of T onto a grid with m resources
is a finite set of triples <v, p, t> where v is the schedule, t is the starting time and p is

the resource. A triple <v, p, t> is called the task instance.

To generate the schedule, our technique is based on the traditional list scheduling
approach in which we construct a list and schedule the nodes on the list one by one to
the processors. The list is constructed by ordering the nodes according to the node
priorities. The list is static therefore the order of nodes on the list will not change
during the resource allocation process.

Given a DAG of v nodes {ny, n,,.., n,} and e directed edges, each of which is denoted
by (n;, n;). We shall traverse DAG in breadth first order.

Let C; denote the completion time of job j. The objective is to find a schedule that
minimizes the quantity C max = max (Cj), called the makespan of the schedule.

Makespan=>_ Actual CPU time taken by gridlets on grid resources.

We restrict ourselves to non-preemptive schedules where a job once started has to run
to completion on the same machine.

Scheduler has information about all resources such as processing speed (in MIPS),
processing cost per second, baud rate (communication rate), and resource load during
peak hours and off-peak hours. Each grid resource can have multiple machines and
each machine can have multiple processing elements. MIPS of a resource is sum of all
its processing elements” MIPS. Expected completion time (ECT) is the function of
resource MIPS, resource baud rate, gridlet length, gridlet input and output size in MI.

ECT=f (resource characteristics, gridlet characteristics)

After gathering the details of user jobs and the available resources, the system
randomly creates jobs according to the given data. Eventually, the scheduler will
submit the job according to proposed algorithm to the corresponding resources. The
tests are conducted using four resources of different MIPS. The MIPS of each

resource is computed as follows:

Resource MIPS = Total_PE * PE_MIPS,
Where Total_PE = Total number of Processing Elements of the resource, and
PE_MIPS = MIPS of Processing Element
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Each resource has its own predefined cost rate for charges imposed on a Grid user for
executing the user jobs on that resource. In the simulation, the total processing time is
calculated in milliseconds. In real world, the overhead time for each job depends on
the current network load and speed. The total processing cost is computed based on
the actual CPU time taken by the grid resource for computing the gridlets and the cost

rate specified by that grid resource, as summarized below:

Process_Cost =T * C, where
T = Total CPU Time for Gridlet execution, and

C = Cost per second for executing gridlet on the grid resource.

The proposed algorithm, comprises of two parts as explained below:

e Task Ordering Procedure, to get the scheduling list.
e Resource Allocation Procedure, which allocates resources to the jobs

contained in scheduling list, generated by task ordering procedure.

3.2.1 Task Ordering Procedure:

Begin
Step 1: The list is initialized to be an empty list. Set position to 1.The first node in the
list is the node, which does not have any predecessor. Set position to 2. Let ny be the
next node.
Repeat
Step 2: if ny has all its parent nodes in the list then
Step 3: Put ny at position in list and increment Position.
Step 4: Else
Step 5: Let ny be the parent node of ny which is not in the
sequence and has the smaller level. Ties are broken by
choosing node with larger gridlet length.
Repeat
Step 5: If ny has all its parent nodes in the sequence then
Step 6: Put ny at position in sequence and
increment position.
Step 7: Else
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Step 8: Include all the ancestor nodes of ny in sequence
so that the nodes with a smaller value of level are
considered first.
Step 9: End if
Until all the parent nodes of ny are in the list.
Step 10: Put ny at position in the list.
Stepll: End if
Step 12:Make ny to be the next node
Until all the nodes are in the list.
Step13: Append all the nodes to the sequence in increasing order of level.
End

3.2.2 Resource Allocation Procedure:

Begin
Step 1: Scheduler collects resources and their characteristics like processing speed ,
processing cost per second, baud rate, and resource load during peak hours and off-
peak hours.
Step 2: Discard resources whose processing speed is less than 1/m times the
speed of the fastest machine where m is the number of machines.
Repeat
Step 3: For all gridlets i to be scheduled
Step 4: Repeat for all resources j
Step 5: ComputeECT ;= ECT(gridlet i, resource j)
End loop
Step 6: Select best match such that ECTj; is minimum
Step 7: For all gridlets i to be scheduled on resource j
Step 8: Calculate actual execution time for gridlet i on resource j
Step 9: Compute Makespan as sum of actual execution time for all
submission
Step 10: Compute Processing cost as actual CPU time * cost per
second
Until there are gridlets to be scheduled
End
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3.3 Complexity Analysis of the Makespan Optimization Algorithm

The complexity is compressed in terms of:

e Number of gridlets, n

o Number of resources, m.

Complexity Analysis of the Task Ordering Procedure:
e Complexity of Step 1 in which the list is initialized with the node, which does
not have predecessors O (n).
e The complexity of list creation phase is {O (log n) * O (n + log n)} which
eventually becomes O (n log n).

Total complexity of Task Ordering Procedure= {O (n)+ O (n log n)} ={O
(n log n)}.

Complexity Analysis of the Resource Allocation Ordering Procedure:

e complexity for step 1 = O(n).

e complexity for step 2 = O(n) + O(n).

e complexity for step 3,4,5 = O(nm).

e complexity for step 6 = O(nm).
Total complexity of Resource Allocation Procedure = {O (n) + O (n) + O (n) +
O(nm) + O (nm)} = {O (3n+2nm) } = O(nm)

Total Complexity of the Makespan Optimization Algorithm:
{O(nlogn)+ O (nm) }.
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Chapter 4
Implementation of Proposed Makespan Optimization

Algorithm

The management and scheduling of resources in Grid environment is complex and
therefore, demands sophisticated tools for analysing the algorithms before applying
them to the real systems. The proposed makespan optimization algorithm is

implemented using GridSim Toolkit 4.1.

GridSim is a software platform that enables users to model and simulate the
characteristics of Grid resources and networks with different configurations. The
motivation for using simulation instead of directly using the Grid test-bed, comes
from the following factors [23]:
e Setting up a Grid test-bed is expensive, resource intensive, and time
consuming.
e The real test-bed does not provide a repeatable and controllable environment
for experimentation and evaluation of scheduling strategies.
e Simulation works well, without making the analysis mechanism unnecessary
complex, by avoiding the overhead of co-ordination of real resources.

e Simulation is also effective in working with very large hypothetical problems.

4.1 GridSim Architecture

GridSim is a open source JAVA based toolkit. It has a layered and modular

architecture as shown in figure 4.1

The first layer is concerned with the scalable Java interface and the runtime
machinery, called JVM (Java Virtual Machine), whose implementation is available

for single and multiprocessor systems including clusters [23].

The second layer is concerned with a basic discrete-event infrastructure built using

the interfaces provided by the first layer.
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The third layer is concerned with modeling and simulation of core Grid entities such
as resources, information services, and so on; application model, uniform access
interface, and primitives application modeling and framework for creating higher

level entities. The GridSim toolkit focuses on this layer that simulates system entities.

The fourth layer is concerned with the simulation of resource aggregators called Grid

resource brokers or schedulers.

The final layer is focused on application and resource modeling with different
scenarios using the services provided by the two lower-level layers for evaluating

scheduling and resource management policies, heuristics, and algorithms.

Application, User, Grid Scem@rio’s Input and Pesults

Appheation Pazonres L zrid -
Config urabon Cuonfig urabion Raquremmts Srapario
Grid Resounce Brokers or Schedulers

 ricsim Toolki
Application Resores Inforroation Job Raezonres Stabstics
Ilodaling Entib= Sarvees Managament Allocabion

Resoures Wodalipg and Symoalabion Geth Time and Spacs sharad sehedulars)
Sinels CPTT || SvIP= || Clustars || Load Patterm || Habworlk | | B eseapvabiom |

Basic Discrete Event Simulation Infrastruciure
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| Dhstpbuated SimoJava |

Yirtual Machine (Java, cJIYM, BMI)
ShiPs

Dijstnbuat:d Besonrees
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Figure 4.1. Modular Architecture for GridSim Platform and Components [23]

4.1.1. GridSim entities

GridSim supports entities for simulation of single processor and multiprocessor,

heterogeneous resources that can be configured as time- or space-shared systems.
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User: Each instance of the User entity represents a Grid user. Each user may differ
from the rest of users with respect to the following characteristics:
e Types of job created, e.g. job execution time, number of parametric
replications, etc;
e Scheduling optimization strategy, e.g. minimization of cost, time, or both
activity rate, e.g. how often it creates new job
e Time zone

e Absolute deadline

Broker: Each user is connected to an instance of the Broker entity. Every job of a
user is first submitted to its broker and the broker then schedules the parametric tasks
according to the user’s scheduling policy. Before scheduling the tasks, the broker
dynamically gets a list of available resources from the global directory entity. Every
broker tries to optimize the policy of its user and therefore, brokers are expected to
face extreme competition while gaining access to resources. The scheduling
algorithms used by the brokers must be highly adaptable to the market’s supply and

demand situation [23].

ser #i

Appl
whon

Figure 4.2. A flow diagram in GridSim based simulation [23]
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Resource: Each resource may differ from the rest of the resources with respect to the

following characteristics:

number of processors

cost of processing

speed of processing

internal process scheduling policy, e.g. time-shared or space-shared
local load factor

time zone

The resource speed and the job execution time can be defined in terms MIPS (Million

Instructions Per Second) and SPEC (Standard Performance Evaluation Corporation)

benchmark).

Grid Information Service: It provides resource registration services and keeps track

of a list of resources available in the Grid.

Input and Output: The flow of information among the GridSim entities happens via

their Input and Output entities. Every networked GridSim entity has 1/0 channels or

ports, which are used for establishing a link between the entity and its own Input and

Output entities.

4.2 Features of GridSim Toolkit

Salient features of the GridSim toolkit include the following.

It allows modeling of heterogeneous types of resources.

Resources can be modeled operating under space- or time-shared mode.
Resource capability can be defined (in the form of MIPS (Million Instructions
Per Second) as per SPEC (Standard Performance Evaluation Corporation)
benchmark).

Resources can be located in any time zone.

Weekends and holidays can be mapped depending on resource’s local time to
model non-Grid (local) workload.

Resources can be booked for advance reservation.

Applications with different parallel application models can be simulated.
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e Application tasks can be heterogeneous and they can be CPU or 1/O intensive.

e There is no limit on the number of application jobs that can be submitted to a
resource.

e Multiple user entities can submit tasks for execution simultaneously in the
same resource, which may be time-shared or space-shared. This feature helps
in building schedulers that can use different market-driven economic models
for selecting services competitively.

o Network speed between resources can be specified.

e It supports simulation of both static and dynamic schedulers.

Statistics of all or selected operations can be recorded and they can be analyzed using

GridSim statistics analysis methods.

4.3 GridSim Toolkit 4.1 API Specification

Packages

Classes that form the main simulation structure of

eduni.simjava .
SimJava.

o o Classes concerning random number sampling and
eduni.simjava.distributions ) )
random variate generation.

Classes that form the main simulation structure of
ridsim
g GridSim.

Classes that form the framework of auction model in

gridsim.auction o
GridSim.

Classes that form the framework of Data Grid model

gridsim.datagrid ) o
in GridSim.
Classes that form the selection of File attributes in the

gridsim.datagrid.filter ]
Replica Catalogue.

o o Classes that form the structure of multiple regional
gridsim.datagrid.index ) .
Data GIS and Replica Catalogue entities.

gridsim.datagrid.storage Classes that form the structure of Storage elements of
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a Data Grid resource.

o Classes that form the selection of incoming events of
gridsim.filter )
an entity.

Classes that form the structure of multiple regional

gridsim.index -
GIS entities.

gridsim.net Classes that form the network extension of GridSim.

Classes that perform other important functionalities

ridsim.util
g of GridSim

Table 4.1: GridSim Toolkit 4.1 API Specification [23]

4.4 Required Installations

4.4.1 Installation of Netbeans IDE 6.0.1

Netbeans IDE is freely available and can be downloaded from the following website:
http://www.netbeans.org
The IDE can be installed easily following the on screen messages. The next step is to

configure the Netbeans IDE for the implementation of the algorithm.

4.4 .2 Installation of GridSim Toolkit

In the current implementation of the Makespan Optimization Algorithm we have used
GridSim Toolkit version 4.1. GridSim Toolkit 4.1 downloaded from the following
website:

http://www.gridbus.org/gridsim/

Steps to be followed on Windows System for GridSim 4.1 installation are:

GridSim has been tested and ran on Sun's Java version 1.4.2 or newer. Older versions
of Java are not compatible. If you have non-Sun Java version, such as J++, they may
not be compatible. There is no need to compile GridSim source code. The JAR file is

provided to compile and to run GridSim applications.

Description of the following jar files:
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e gridsim.jar - contains both GridSim and SimJava v2.0 class files

e simjava2.jar - contains SimJava v2.0 class files only

Running GridSim of this version requires a lot of memory since there are many
objects to be created. Therefore, it is recommended to have at least 512MB RAM or

increase JVM heap size when running Java for large simulation experiments.

1. Unzip the downloaded archive to the location intended to be used for
installation

2. Update the System Path variable to include the path to the gridsim.jar and
simjava2.jar files, e.g. If the GridSim has been unzipped to the D:\gridsim-4.1
location then we add to the System Path variable

3. D:\gridsimtoolkit-4.1\jars\gridsim.jar and

4. D:\gridsimtoolkit-4.1\jars\simjava2.jar

5. The GridSim API is ready to be used in JAVA applications on the Windows
system.

6. If you want to remove GridSim, then remove the whole $GRIDSIM directory.

The steps for installation on UNIX based Operating Systems are same with the

exception of .tar file for GridSim Archive is to be downloaded and installed.

4.4.3 Importing GridSim package in Netbeans IDE.

The Proposed Makespan Optimization Algorithm has to be simulated on top of
GridSim [23] API as a JAVA application built in Netbeans IDE. The steps to be

followed are as:

1. Create a new Java Project in Netbeans

2. Create a new Package under this project.

3. To set the properties of the project go to the libraries and add jar/folder.
Gridsim.jar and simjava2.jar are to be browsed and added accordingly as

shown below.
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® MyNewScheduler - NetBeans IDE 6.0.1

File Edit View Mavigate Source Refactor Build Run  Profile  Versioning Tools Window Help

DEHES X589

@ [ 9T D BG-

‘Projects 41 x| Files | Services
B--@ MyNewScheduler

B@ Source Packages

[ «default package=

I Test Packages

=]

R
—d Test Libt. Add Library...
| Properties J
‘ Mavigator 4l x

Screenshot 4.1:Addition of external project dependencies

W Add JAR/Folder
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Look in:
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Files of bype: |Classpath Enkry (Folder, ZIP or JAR File) bt | Zancel

Screenshot 4.2: External project dependencies

47
Gupreet Kaur, 80631005



Computer Science and Engineering Deptartment TU, Patiala

4.5 Implementation of Proposed Makespan Optimization Algorithm
in GridSim

To use the GridSim API for the implementation and simulation of the proposed
Makespan Optimization Algorithm we need to follow below mentioned sequential

steps; which when together coded in JAVA programming language simulate a

heterogeneous Grid Computing Environment.

In our implementation, the simulation system accepts total number of user jobs,
processing requirements or M1 of those jobs, input size, output size, and the available
Grid resources in the Grid environment. Details of the available Grid resources are
obtained from Grid Information Service (GIS). GIS keeps track of the resources
available in Grid environment. Each Grid resource is described in terms of their
various characteristics, such as resource 1D, name, total number of machines in each
resource, total processing elements (PE) in each machine, MIPS of each PE, and

bandwidth speed.

After gathering the details of user jobs and the available resources, the system
randomly creates jobs according to the given data. Eventually, the scheduler will
submit the job according to proposed algorithm to the corresponding resources. The
tests are conducted using four resources of different MIPS. The MIPS of each

resource is computed as follows:

Resource MIPS = Total_PE * PE_MIPS,
Where Total_PE = Total number of Processing Elements of the resource, and
PE_MIPS = MIPS of Processing Element

Each resource has its own predefined cost rate for charges imposed on a Grid user for
executing the user jobs on that resource. In the simulation, the total processing time is
calculated in milliseconds. In real world, the overhead time for each job depends on
the current network load and speed. The total processing cost is computed based on
the actual CPU time taken by the grid resource for computing the gridlets and the cost

rate specified by that grid resource, as summarized below:

Process Cost =T * C, where
T = Total CPU Time for Gridlet execution, and

C = Cost per second for executing Gridlet on the grid resource.
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The proposed algorithm is compared with FCFS (first come first serve) algorithm
Random Allocation algorithm, Smallest Job Slowest Resource Allocation Algorithm
and Longest Job Slowest Resource Allocation Algorithm using simulation data

Summation of actual CPU times gives the overall makespan i.e.
Makespan=% Actual CPU time taken by gridlets on grid resources.

According to simulation results the proposed algorithm gives a significant

improvement and hence optimizes the makespan.
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Chapter 5
Experimental Results

This chapter describes the experimental results obtained after implementing the
Makespan Optimization Algorithm. The algorithm is implemented in Java using
Netbeans IDE and run on top of GridSim version 4.1 Toolkit. It takes as input the
required set of heterogeneous resources and a set of Gridlets. The proposed algorithm
is compared with FCFS (first come first serve) Algorithm and Random Allocation
Algorithm, Smallest Job Slowest Resource Allocation Algorithm and Longest Job
Slowest Resource Allocation Algorithm using simulation data. The simulation results

are shown in the form of screen shots.

5.1 The User Input

In the starting window the user is prompted to enter the values for the number of
Gridlets and the number of Grid Resources needed to be simulated.

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources Enter Number of Gridlets
Select Test Approach :

Without Precedence| With Precedence | Using DAG ‘ Exit ‘

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.1: User Interface for the Proposed Makespan Optimization Algorithm
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5.2 Test Approach Selection

In the second step the user is prompted to select for the following test approach:

I.  Without Precedence: Test case in which gridlets (jobs) that are to be scheduled
do not have any precedence constraint among themselves.

Il.  With precedence: Test case in which gridlets (jobs) have precedence constraints.
Precedence constraints between jobs are given in the form of a partial order. If j
< k, processing of job k cannot start until job j's execution is completed.

I1l. Using DAG: Test case in which DAG (Directed Acyclic Graph) approach is
applied.

5.2.1 Test Approach: Without Precedence

In this test case gridlets do not have any precedence constraint among themselves.

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources ’4— Enter Number of Gridlets W
Select Test Approach :
Without Precedence| With Precedence | Using DAG ‘ Exit ‘
Cornpatison of Makespan Optimization Algorithm with Randorm Allocation Algorithm, FCFS Algaorithrm, Shortest Job Slowest Resource Algorithm, »~

Longest Job Slowest Resource Algorithm
Test Approach : Without Precedence Constraint
Initializing GridSim...........

Creates one Grid resource with name = Resource_1
Creates one Grd resource with name = Resource_2
Creates one Grid resource with name = Resaurce_3
Creates one Grid resource with name = Resource_4

Grid Expetiment using = Randomalocationalgorithm, and Expetiment 1D = 21
RandomaAlocationAlgorithm: Creating 10 Gridlets

Grid Experiment using = FCFEAlgorithm, and Experiment ID = 24
FCFSAlgaorithm:Creating 10 Gridlets

Grid Experiment using = Shortest)obSlowestResourceAlgarithm, and Experiment ID = 27
ShortesiJobSlowestResourceAlgorithm: Creating 10 Gridlets

Grid Expetiment using = LongestlobSlowestResource, and Experirnent 1D = 30
LongestlohSlowestResource:Creating 10 Gridlets

Grid Experiment using = MakespanCptimizationAlgorithm, and Experiment ID = 33
MakespanOptirnizationAlgarithm:Creating 10 Gridlets

RandomAlocationAlgorithin - Sending Gridlet_0to Resource_4 with id=17
ShortestlobSlowestResourceAlgorithm : Sending Gridlet_D to Resource_1 with id= 9
RandormaAlocationAlgorithen | Receiving Gridlet 0
RandormaAlocationAlgorithen - Sending Gridlet_1 to Resource_3 with id=13
MakespanOptimizationAlgorithm : Sending Gridiet_5 to Resource_3 with id =15
RandomAlocationAlgorithm : Receiving Gridlet 1
RandomAlocationAlgorithm  Sending Gridlet_2 to Resource_2 with id=3

4 st i

CC O Rl mmviten « Camdine Cricdlat 0 tn Damnoeeas b - s

>
Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.2:Test case considering Jobs Without Precedence Constraint (1/5)
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< Output B@’“lgl
Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources |4 Enter Number of Gridlets |10
Sekect Test Approgch
Without Pr d | With Pr | Using DAG | Exit |
Randomdlocationdlgorithin : Sending Gridlet_2 to Resource_2 with id= 2 ~
FCFSAIgorithm : Sending Gridlel_0 to Resource_1 with id= 3
fior ealgarithin * Recelving Gridlet 0

ShortestlobSlowestResourcedlyorithm : Sending Gridiet_8 to Resource_4 with id =17
Makespan Optimizationglgorithm - Receiving Gridlet §
MakespanOptimizationslgorithim - Sending Gridlel_3 1o Resource_2with id=13
LongestlobSlowestResource : Sending Gridlet_5 1o Resourca_1 with id= 9
ShorestlobSlowestResourceAlgorithm : Receiving Gridlet 8
ShorestJobSlowesIResourceAlgorithm © Sending Gridiel_Z 10 Resouce_2with id=13
Makespan Optimzationslgorithm - Receiving Gridlet 3
MazkespanOptimizationAlgorithm - Sending Gridiet_B 1o Resource_4 with id= 17
Randomalocationslgorithin | Receiving Gridiet 2

RandomAlocationlgorithm : Sending Gridlet_3 to Resource_2 with id= 3
FCFSAlgorithm : Receiing Gridlet 0

FCFSAIorithm | Sending Gridlel_1 to Resource_4with id =17
ShorestlobSlowestResourcedlgarthm : Receiving Gridlet 2
ShorestlobSlowestResourceAlgorithm : Sending Gridiet_3 to Resource_Jwithid=5
MakespanDptimizationAlgorithm - Receiving Gridlel §

Makespan Optimizationlgorithim - Sending Gridlet_4 fo Recource_3with id= 6
LongestlobSlowestResource : Gending Gridiel_3 1o Resource_4 with id= 17
FCFSAlgorithm | Receing Gridlel 1

FCFSAIgonthm : Sending Gridiel_2 to Resource_2with id= 4
ShorestlobSlowestResourceAlgorithm : Receiving Gridlet @
ShortestJobSlowesIResourceAlgorithm | Sending Gridlel_7 10 Resouice_1 with id = 9
LongestlobSlowestResource : Sending Gridlet 6 o Resource_2 with id= 12
Randomdlocationdlgorithm : Receiving Gridlet 3

RandomalocationAlgarithm | Sending Gridiel_4 10 Resource_3 wilhid=13
MakespanOptimizationslgorithim - Recelving Gridlet 4
MakespanOptirmizationAlgorithm - Sending Gridlet_1 to Resource_2with 1d= 13
LongestlobSlowestResource | Sending Gridlel_4 1o Resource_3wilhid= 5
FCFSAlgonthm : Recehing Gridlet 2

FCFSAlgotithn : Sending Gridlet_3 to Resource_Jwithid=13
RandomalocationAlgorithin ;. Receiving Gridie 4

Randomdlocationdlgorithin : Sending Gridiet_S to Resourca_2 with id=9
bnlmm i Cibimnibim s illesmribh e - D mivin (ridlnt 4
<

o
>

Developed By : Gurpreet Kaur, ME(Softwai e Engineering ), Thapar Univer sity

Screenshot 5.3:Test case considering Jobs Without Precedence Constraint (2/5)

£ Output

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources ’4— Enter Number of Gridlets ’T
Select Test Approach :
Without Precedence| With Precedence ‘ Using DAG | Exit |
RandorAlocationAlgorithin ; Sending Gridlet_9to Resource_1 with id=5 ~

FCFSAlgorithm : Recelving Gridlet 8

FCFSAlgorithm : Sending Gridlet_9 to Resource_4 with id=17
FCFSAlgorithm : Receiving Gridlet 9
RandornAlocationAlgarithm : Receiving Gridlet 8

Output For --= RandomallocationAlgorithm

GridletiD STATUS ResourcelD Cost GtartTime CGRUTime
0 SUCCESS 17 30 32.344 1.0
1 SUCCESS 13 14.912864163368297 49.432 4.970954721122766
2 SUCCESS 9 29.302013217993675 74.48285472112277 8.7673377308331225
3 SUCCESS q 43104268007787777 122 6400000000002 14 3RB0BAGA2E25923
4 SUCCESS 13 12.315345042620748 174.83217110683 4.105115014206916
5 SUCCESS El 43.28651332048991 203.67365691127126 14.43217110682997
B SUCCESS 13 18.875476254280784 245.0658279181012 6.291825418093595
7 SUCCESS 8 19.40103863159663 275 00677182547813 G.467012877198857
8 SUCCESS 5 7.070587742193993 345.299994 05365714 2.356B62580731331
9 SUCCESS 8 15770345762959494 409.6999940536571 5.256781920996498

Makespan for RandomaAllocationAlgorithm: 69.01614807112712

Qutput For --= FCFSAlgorithm

GridletlD STATUS ResourcelD Cost StartTime CPUTime

1} SUCCESS i 3o T7.ABEY547 2112277 1.0

1 SUCCESS 17 14.912864163368297 118.20023353583208 4.870954721122766

2 SUCCESS El 29.302013217993675 151.24823353583207 9.7B7337739331225

3 SUCCESS 13 19.408980359043027 194.64017110683 6.4696602863476755

4 SUCCESS a 2047901727157 229.03365681127124 6.826337242385904

5 SUCCESS 17 19.48764282053896 266.515994053657146 G.49588059403120986

B SUCCESS El 38.80035171172608 209.84387499397013 12.93345057057536

7 SUCCESS 13 14.55582700985469 336.9533255645455 4.851942603284897

g SUCCESS a 7.070587742193993 360.7912681678304 2.356862580731331

9 SUCCESS 17 14.111454843325873 427. 2199540536571 4.703818281108624
Makespan for FCFSAlgorithm: 60.37624496520077 B
£ | >

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.4:Test case considering Jobs Without Precedence Constraint (3/5)
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- Qutput

Computer Science and Engineering Deptartment

Enter Number of Resources |4

Sekect Test Approzch

Makespan Optimization Algorithm for Resource Scheduling in Grids

TU, Patiala

[ f=)x)

Enter Number of Gridlets |10

Without Pr | With Pr d Using DAG Exit ‘
| A
OutputFor--» Sir I |
GiridlellD STATUS ResourcelDd Cost StarTime CPUTIme
0 SUCCESS a 4.504658070420412 47.688 1.5015526801401373
g SUCCESS 17 4.331787818355258 a7.48 1.6605959394517527
2 SUCCESS 13 13.76168044517674 101.62059593845176 4,587 226815058713
] SUCCESS 5 15.770345762050404 126.54980222217977 5.266721020086492
7 SUCCESS 9 3124294 378076405 163 7T266757T4316623 10.414314593586017
1 SUCCESS 17 11 81286416336834 214.T6165681127122 387085472112278
4 SUCCESS 13 12.3153450426207 48 238.24965681127122 4.105115014206916
[ SUCCESS ] 29.531860427983418 260.4987715254781 BOT062014766114
3 SUCCESS -] 4310426007727777 223 61000405365714 14.262026602625022
5 SUCCESS 17 19.40764202093896 A70.08408074620306 6.495880840312986
1 for Sir e B0.BT112947015486
Jutput For--* LongestlobSlowesiResource
Gridletil STATUS Resourcell Cost StarTime CPUTime
5 SUCCESS 40 29651332045935 104.168 13.432171106829953
3 SUCCESS 17 10.409980850042027 1453601 7110683 64696022634 T6755
] SUCCESS 13 10.8754T6254280704 166.229831 39317768 6.291025418093595
4 SUCCESS 5 20479011T2715771 195.36065651127126 6.826337242385904
1 SUCCESS a 32115556096030105 230.23500405365718 10.70518536534 3368
7 SUCCESS 17 14.55502780985469 2B2.1971794180008 4.851942603284897
g SUCCESS 13 14.111454843335873 298,18512202228544 4,703818281108624
2 SUCCESS 5 18.373915432671345 320.28094030339406 B.0013051442237816
g SUCCESS =] 15175T05245587947 35 TTH99405365T16 5.0585684151943155
o SUCCESS 386.77456246885148 1.0
Makespan for LongestlobSlowesiResource: 65.43081386281214
Qutput For--= Makespan Optimization Algorithm 1
GridleliD STATUS ResourcelD Cost StarTime CPUTIme 2
5 I3 cirrCoe I 2B ANNTANENTAREDDD 8 ORONAARNRNNNN 0 0NNIIIRIR0IINTE .
ped By : Gurp Kauw, ME{Soft; E ) Thapar 1

Screenshot 5.5:Test case considering Jobs Without Precedence Constraint (4/5)

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources (4

Select Test Approach :

Enter Number of Gridlets |10

Without Precedence| With Precedence | Using DAG Exit
i 5 SUGLCoo 5 CERICy TN T EFERIEEE AT T%.a00UBUnE 020923
1 SUCCESS 19.48764282093896 370.08408074628306 6.495880940312986
Makespan for SmallestlobSlowestResource: 60.87112947015486
OQutput For--= LongestJob Sl tResource
GridletiD STATUS ResourcelD Cost StaTime CPUTime
a SUCCESS 9 40.29651332048995 104.168 13.432171106829983
3 SUCCEES 17 19.408980859043027 14536017110683 6.46966028634767455
B SUCCESRS 13 18.875476254280784 168.22083130317768 F.2818254180935595
4 SUCCESS 5 20.47901172715771 195.36965691127126 B.B26337242385904
1 SUCCESS 9 32.115556096030105 239.23599405365718 10.705185365343368
i SUCCESS 17 14.55582780985468 282.1971784130006 4.851942603284897
9 SUCCERS 13 14.111454843328873 208.18512202228544 4.703818281108624
2 SUCCESS 5 18.273915432671345 320.28094030339408 6.0913051442237816
a SUCCESS 9 15.175705245502947 365.77999405365716 5.0585694151043155
1) SUCCESS ] 396.77406246885146 1.0
Makespan for LongestJobSlowesiResource: B5.43081386281214
Output For --= Makespan Optimization Algorithrn
GridletiD STATUS ResourcelD Cost StarTime CPUTIime
il SUCCEES 26.400700607456233 56.80800000000001 8.800233535832078
3 SUCCESS 13 16.40899085904307 93.36823353583200 5.4BUGE028634769
B SUCCESS 17 17.887019140956937 113.23789382217977 5.962339713652312
4 SUCCEES b} 20.473011727158771 142.04823353583208 B.B26337242385904
1 SUCCESS 13 11.91286416336834 184 3186757431663 3.87095472112278
T SUCCESS 17 11.615999999999957 210.88965681127124 3.8719999999999557
q SUCCESS 5 16.770345762959494 237.03365681127124 5.256781920986498
2 SUCCESS 13 10.761680445176182 288.05198405365715 3.6872268150587274
a SUCCESS 17 4.931787818355258 304.2472208687159 1.BEOS9593545174527
a SUCCESS 5 a0 329.3209403033941 1.0
Makespan for Makespan Optimization Algarithrm: 46.40813017483773
Finish main b
< | >

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.6:Test case considering Jobs Without Precedence Constraint (5/5)
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Computer Science and Engineering Deptartment

5.2.2 Test Approach: With Precedence

TU, Patiala

In this test case Gridlets have precedence constraint among themselves.

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources |4

Select Test Approach

Enter Number of Gridlets [10|

Without Pr | With Pr | Using DAG | Exit ‘

Comparison of Makespan Oplimization Alaorithm with Random Allocation Mlaorithm, FCFS Alaorithm, Shortest Job Slowes! Resource Algorithm,
Longest Job Slowest Resource Algorithin

|

Tes! Approach : \With Precedence Constraint
Initializing GridSinm............

Creates one Grid resource with name = Resource_1
Creates one Grid resource with nam
Creates one Grid resource with narm
Creates one Grid resource with name = Resource_4

Grid Ewperiment using = RandormMlocationAlgotithm, and Experment 1D = 21
FandomAlocationAlgorithm: Greating 10 Gridlets

Grid Experiment using = FCFSAlgorithm, and Experiment ID = 24
FCFSAIgonthm:Creating 10 Gridlets

tRe: Jaorit

Grid Experiment using = Shortestlob
ShorlestlobSlowesiResourceAlgorithm: Creatlng 10 Gndlets

, and Experiment ID= 27

Grid Experiment using = LongestJobSlowesiResource, and Experiment ID = 30
LongestlobSlowestResource Creating 10 Gridlets

Grid Experiment using = ithin, and i ID=33
MakespanOplimizationalgarith: Craating 10 Gridiets

ShortestlonSlowestiResourceAlgorithm : Sending Gridlet_0 to Resource_1 withid =49
RandomalocationAlgorithem | Sending Gridlet_0 1o Resourca_2 with id= &
FCFSAlgorithm : Sending Gridlet_0 to Resource_1 with id = §
LongestlobSlowestResource | Sending Gridlet_0 to Resource_1 withid=9
ShorestlobSlowestResourceslgorithn - Recelving Gridlet 0
ShorlestlobSlowestResourcedlgorithm : Sending Gridlet_1 to Resource_2 withid=13
FCFSAlgorithm | Recening Gridlet 0

£ EC At - Condine Cicdlad 4 b Dnenneen it id — 0

>

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar Univer sity

Screenshot 5.7:Test case considering Jobs With Precedence Constraint (1/4)

< Output

Enter Number of Resources |4

Selact Test Approach

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Gridlets |10

Without Pr ‘ With Pr d Using DAG Exit |
-~
Output Fot - Randor i 1 ] |
GridlellD STATUS ResourcelDd cost StanTime CPUTIme
a SUCCESS ] 16.151037007220336 56.230999932090995 5.05024562090T6779
1 SUCGCESS =] 4045692301 1399056 127.52000000000001 13.405641 003799685
2 SUCCESS 5 12.22070312615486 195.76000000000002 4.07T3567708T18286
3 SUCCESS 1 5B7756753002370 239.3935677027103 1.892522513311 2632
4 SUCCESS 9 45.999579631467460 ITSTE0Z04369TT46 16.33319327715583
5 SUCCESS 17 16 211835077132855 342 89330214603045 5.073845325T10852
[ SUCGCESS a 54.93906903921263 392.72306238494775 18.31328984640421
7 SUCCESS 5 22911640343161025 450876352331352 TEIT213447720342
g SUCCESS 5 21.244740707401705 A48T BT 356577007235 7.281520265830502
9 SUCGCESS 17 21.850124632669917 524.1135657790722 ¥.28337487T556639
for Ran i 86.42467406522459
Qutput For —= FCFSAlgorithm
GridletlD STATUS ResourcelD Gost StarTime CPUTIime
a SUCCESS 5 10.056262632982808 BE16 3.3520875443276026
1 SUCCESS =] 40.456923011309056 106 8720875443276 13.485641003799685
2 SUCCESS 13 G.496714019462189 174.08 2.1655713398207297
3 SUCCESS 7 SETTSRTS3993379 220.50860052888112 1.8925225133112633
4 SUCCESS 5 18.454682627407%6 258.0286005288811 9.484894209165986
5 SUCCESS =] 37.20282655723001 316.08020486977466 12.400942185943336
6 SUCCESS 13 21 2516156872174227 374.0933581468305 T O83871957391409
7 SUCCESS 17 140293241 41240065 421 GATI4247264147 4 6764413804469228
a SUCGCESS 5 21.844740797491735 459.356352331352 7.201300265830598
] SUCCESS 49.07052121414279 506.0335657790723 16,356840404714262
Makespan for FCFEAlgorithm: 78. 180392804751 a6
Qutput For --= Sir izl -1
GridletiD STATUS ResourcelDd Cost SlanTime CPUTIime 2
¢ n (= R Talal <=1} n AEAEINITAATIINIIE A8 97 ENENIAEEANNTETTA "
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Screenshot 5.8:Test case considering Jobs With Precedence Constraint (2/4)
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Computer Science and Engineering Deptartment

£ Duiput

Enter Mumber of Resources _4

Select Teat Apoeaach

Makespan Oplimizafion Algorithm for Resource Scheduling in Grids

Enter Murnber of Gridlets |10

TU, Patiala

Without Presedense | With Precedence Using DAG Euit
-~
- - Oudgit For —= Smasllestlobd) Fesoune - - -

CridlaliDs ETATUS Fasauncel Cosl ElarMima CPUTins:

o SMCCESE 15151037087 2100306 45,32 0503436990767 TA

1 BUCCESE 1z 18. 325201 5336643337 30.85000000000001 B 10BGODSEEE21112

z SICCEST T G ARETIA0T 3462108 1201 BOO0O0G000003 TABGHT1 33T 17

] SUICCESE & 2. 05B0F003T 336 1EZ BESET 132222070 26360330007 Eed

4 SICCESS ] A8 BORSTEEH AGT 406 A 3TIEMA0E355 TR AN DIFTTS

] SUCCESE 12 19221287 11 32865 PLERERNCHSEIELED] SOFI0EEIZAT 10942

& EUCCESE i M FEISIEET TA22T 303, DBEEIA0TTINIA6 T.O83BT10E7T 22 402

¥ SUCCESE ] 12910 B1025 TG4 BOB0EEEA9ATT LHIT 34771

2 EUCCESE ] A0.61TIIEET4561 55 401 .BEDDITEEE3EEE 1253003804150 6

a SMCCESE 13 21 RS0 FAG) 106901 T AGE TREISEFNIF195 T.I0ATAETTEIEG09
Wakespan for SmallestiochSlowestResource: 72 8611883385071

Oufpat For —» LongestiobS lowestH -

Gralell ETATUS Resgurcel Cogl Starlime CPUTme

o EUCCESE a 12151037047 230358 TE.DEDDDDOOICadn 4.05034560007ETEE

1 SMCCESE 13 1032550 30042397 154,16 BEG00500RI 12

] EUCCESE 7 B.4B5T140 2462180 190.80E50053233112 LAGAET 133307397

3 SICCESE ] 0. 0SE0EEy 096 ER BN TSR0 06 2 BARNIANNTOTETEGA

4 SUCCESE El 49.902572=3 6T 286 AT 20304509 TTAG 1833318331 1M12283

] SICCESS 13 15, 3F1EF5ETT1 32055 6 BRGFEE 4632045 SOTIEEFTETI095

& SUCCESE 17 pAR AL R IR0 EOT 44T HIAT 28 TORIBTIA5 )5 409

T EUCCESE 5 1201184034 B1025 433 B43DETIEAR4TTR TEITI 34477 10343

] SUCCESE a ADLET T IEEMSA155 AR BLD2TEETIEA01 TR0 150516

a EUCCESE 1z 21,8500 34632660017 S01.0193147741886 1.2833T4ETTRICE3T
WakeEpan for LongastlobSirsesiResouee: 71 061181959071

Dot For—= Masmapan Calimization Algonirem

CrclaiDs ETATUS Fasaurcaly Cosl SlarTima CRUTIe .

n o L € 10 NERSEEIAA0N G 111 B DN 3 AEANOTEL dFITENNR
£ *

Screenshot 5.9:Test case considering Jobs With Precedence Constraint (3/4)

Dirveloped By : Gnpdaat Kaw, METS othwire Enginceaing 1, Thapar Unbaer sky

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources (4

Select Test Approach :

Enter Number of Gridlets |10

Without Precedence| With Precedence | Using DAG Exit

5 SUGLCoo 5 COE LTy e S01.OULZrD032000 1 (I EENELECamraay] =

9 SUCCESS 21.850124632669917 466.79635233135195 7.283374877556639 i
Makespan for SmallestlobSlowestResource: 72 9811883959071

OQutput For--= LongestJob Sl tResource

GridletiD STATUS ResourcelD Cost StaTime CPUTime

o SUCCESS 9 12.151037097230358 76.08000000000001 4.050345699076786

1 SUCCEES 13 18.325801586643337 15416 B.10BE00528881112

2 SUCCESS 17 B.496714019462189 180.50860052888112 21665713308207287

3 SUCCESS 5 £.058099003218936 231.63417186870186 2.B860330010727864

4 SUCCESS 9 48.999579831467486 267.1202048697746 16.33319327715583

a SUCCESS 13 16.2218356977132855 316.89338814693045 5.073945325710952

B SUCCERS 17 21.251616872174227 360.60734347 264145 7.083871957391400

7 SUCCESS 5 22.911640343161025 423.04306238494776 7.B37213447720342

a SUCCESS 9 40.61711682456155 460.8402759326681 13.539038941520516

9 SUCCESS 21.800124632669917 501.0193147741886 7.283374877556639
Makespan for LongestJobSlowestiResource: 71.9611883358071

Output For --= Makespan Optimization Algorithrn

GridletiD STATUS ResourcelD Cost StarTime CPUTIme

o SUCCEES 10.056262632982508 112.64000000000001 3.3520875443276026

1 SUCCESS 17 18.325601586643337 153.35208754432762 B.108600528881112

2 SUCCESS 13 B.496714019462189 190.10068807320874 2.1695713398207297

3 SUCCEES h 8.05309900321836 2409.3886005288811 2 BBG0330010727864

4 SUCCESS 17 23.048572545510164 201.2802048697 7465 7 B82857515173055

5 SUCCESS 13 15.221835977132855 332.4030823849477 5.073945325710952

[ SUCCESS 5 33.162146636188425 390.52734347264146 11.094048873729475

T SUCCESS 17 14.029324141340065 441.42138235137097 4 676441380446938

a SUCCESS 13 18.301 346174804466 478 6R3TH485308846 B.130448724064822

9 SUCCESS 5 26.75374083085444 §22.9597272089086 8.917913610284813
Makespan for Makespan Optimization Algatithrm: 57.847047849412336
Finish main b
< | >

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.10:Test case considering Jobs With Precedence Constraint (4/4)
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Computer Science and Engineering Deptartment TU, Patiala

5.2.3 Test Approach: Using DAG

< Qutput

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources |4 Enter Number of Gridlets |10

Select Test Approach :

Without Preced| | With Preced | Using DAG | Exit ‘

Comparison of Makespan Oplimization Algorilhm with Randorm Allocation Alaorithrm, FCFS Algarithim, Shortest Job Slowe st Resource Algorithm,
LongestJob Slowest Resource Algorithm

|

Test Approach ; Using DAG
Inifializing GridSim...............

Creates one Grid resource with name = Resource_1
Creates one Grid resource with name = Resource_2
Creates one Grid resource with nam esoumce_3
Creates one Grid resource with name = Resource_4

Grid Experiment using = RandomAlocationAlgonthim, and Experiment D = 21
RandomAlocationAlgorithr: Creating 10 Gridlets

Grid Experiment using = FCFSAlgorithm, and Egpetiment 10 = 24
FCFBAIgonthm Creating 10 Gridiets

Grid Experiment using = ShortestlobSlowestResourceMgorithm, and Experiment ID= 27
ShorestlobSlawestResourceAlgorithm:Creating 10 Gridlets

Grid Experiment using = LongesilobSlowesiResource, and Experiment ID = 20
LongestlobSiowestiResource Creating 10 Gridlets

Grid Experiment using = im, and ID=33
MakespanOptimizationalgorithm Crealing 10 Grldlel%

RandormAlocationAlgorithm : Sending Gridlet_01o Resource_2 with id=9
MakespanOptimizationalgorithm : Sending Gridiet_D 10 Resource_3 with id = §
FCFSAlgonthm : Sending Gridlet_0 to Resource_2 withid= 0
LongestlobSlowestResource | Sending Gridlet_0 1o Resource_z with id= 8
Randormalocationflgorithin : Recelving Gridet 0

Randomalocationdlgorithim | Sending Gridlel_1 1o Resource_2 wilh id=9

b e vt e L it e - Dneniulne il 0

ped By : Gurg Kaun, ME{Soft Engi ing ), Thapar L

Screenshot 5.11:Test case considering Jobs Using DAG Approach (1/4)

= Qutput [:JE'E'

Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources |4 Enter Nurber of Gridlsts |10
Sekect Test Approach
Without Precedenee| With Precedence | Using DAG | Exit ‘
MzkespanDptimizationAlgorithm : Receiving Gridlet 0 o]
MakespanOptimzationAlgorithn © Sending Gridlet 1 1 Resource_1 with id=13
ShorestlobBlowestResourceAlgorithm - Sending Gridlet_0 to Resource_2 withid =9
FCFSAlgoninm | Receping Gridlet 0
FCFSAlgonthim : Sending Griclet_1to Resource_# withid=17
MzkespanOotimizationAlgorithm : Receiving Gridlet 1
MakespanOptimizationalgorithm : Sending Gridiet_2 1o Rezource_4 with id=17
Loncest)obSlowestR - Receiving Gridlet 0
LongestlobSlowestResource | Sending Gridlet_1 1o Resourca_4 with id=17
FCFSAlgonthm  Receming Gridlet 1
FCFSAlgothm : Sending Gridlet_2 to Resource_{ withid= 5§
RandomalocationAlgornthm | Receiving Gridiel 1
RandomAlocationAlgorithm : Sending Gridlet_2 o Resource_4 with id=17
MzkespanDptimizationglgorithm - Receiving Gridlal 8
MakespanOptimizationdlyorithm : Sending Gridlet_5 to Resource_3 with id= 5
FCFSAlgoithm : Receiving Gridlet 2
FCFSAlgorithm | Sending Gridlel_3 to Resource_3withid=13
Longest)obSlowestR) : Receiving Gridlet 1
LongestlobSlowestResource | Sending Gridlet_2 1o Resource_1 with id= 13
ShorestlobSlowestResourceAlgarithm © Recelving Gridlet 0
ShorestlobBlowestResourceAlgorithm - Sending Gridlet_1 to Resounce_4 withid=17
MakespanOptimizalionAlaorithm © Receiving Gridlel 5
MakespanOptimizationdlgorithm : Sending Gridlet_4 to Resource_1 with id= 13
Randor 1:F 0 Gridiet 2
RandormAlocationAlgorithm : Sending Gridiet_3 o Resource_1 with id=5
FCFSAlgonithm | Receiing Gridlet 2
FCFSAlgontnm Sennlng GI’IEIIQI 410 HESDLII‘tE 2vithid=19
Shotest lgaorithin : Receiving Gridlet 1
ShortestiobSlowestResourcealgoritim - Sending Gridlel_2 o Resource_1 with id = 13
Longestlobsl ing Gridlet 2
LongestlobSlowestResourcs © Eendlng Gridiet_3 to Resource_3 with id= 5
Randormalocationflgarithn : Receiving Gridlel 3 7
4 >
By : Gury Ko, ME(Soft Engineering ), Thapar 1

Screenshot 5.12:Test case considering Jobs Using DAG Approach (2/4)
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Makespan Optimization Algorithm for Resource Scheduling in Grids

Enter Number of Resources (4

Select Test Approach :

Enter Number of Gridlets |10

Without Precedence| With Precedence | Using DAG ‘ Exit ‘
~
Output For --= RandomAllocationAlgorithm
GridletiD STATUS ResourcelD Cost StariTime CPUTime
o SUCCESS 17.235144081141996 47.040000000000006 5.745048027047332
1 SUCCESS 9 22.286907357884928 92.56 7.428969119294976
2 SUCCEES 17 22.750252010784834 176.56 7.683417336928278
3 SUCCERS 5 a0 231 119622520007 1.0
4 SUCCESS 13 7.508973874694671 272.119622520007 2.502991291561557
i1 SUCCESS 13 13.195995718630209 331.063382555685695 4.3853319062100695
B SUCCESS b} 33.5543102956945804 366.648714462067 11.184770098564962
T SUCCESS 13 105199668341 7201 432.92200802801796 3 A06RS5611 38067
a SUCCESS 5 11.545865176542918 474.1620902901796 3.848621725514306
q SUCCESS 17 9.4B80533389006086 510.4107120156939 3.1535111 2966086864
Makespan for RandomallocationAlgarithrn: 90.33931624618084
Qutput For --= FCFSAlgarithm
GridletiD STATUS ResourcelD Cost StarTime CPUTIme
a SUCCERS 17.2351440811415096 GB.88000000000001 5.746048027047332
1 SUCCESS 17 9.118867560020874 122.48000000000002 3.039622520006958
2 SUCCESS ] 28.03128010755003 168.71962252000696 9.34376003585001
3 SUCCEES 13 30 203.103382555847 1.0
4 SUCCESS 9 11.0201 27484337706 244 103382555887 3B73375828112569
g SUCCESS 17 13.155995718630209 275.8567583639696 4.3853319062100695
[ SUCCESS 5 33.23099999999995 311.44209029017 964 11.079999999999954
7 SUCCESS 13 105199668341 7201 354.5220902801796 3.606659611 39067
a SUCCERS 9 14.7T16164042950967 397.3220802801 7963 4.905388314333322
9 SUCCESS 17 9.4B0533389006086 442.75546611829213 31535111 296686864
Makespan for FCFSAlgorithim: 49.9326933726196
Output For --> SmallestlobSlowestResource B
< >

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.13:Test case considering Jobs Using DAG Approach (3/4)

Makespan Optimization. Algorithm for Resource Scheduling in Grids

Enter Number of Resources (4

Select Test Approach :

Enter Number of Gridlets |10

Without Precedence| With Precedence | Using DAG ‘ Exit ‘
FIGRESHalT 10T SIGTES oI WES MBS UL LE. 4.2 1 S04 ( UZ0 | %000 =
Output For--= LongestJob Sl tResource
GridletiD STATUS ResourcelD Cost StariTime CPUTime
o SUCCESS 9 17.235144081141996 76.80000000000001 5.745048027047332
1 SUCCESS 17 9.118867560020874 152.4 3.039622520006948
2 SUCCEES 13 22.750252010784834 212 4633B255585698 7.583417336928278
3 SUCCESS I} a0 268.263382555857 1.0
4 SUCCESS 9 11.020127484337706 309.263382555857 3.B73375828112569
a SUCCESS 17 13.165995718630209 341.01675838396955 4.3853319062100695
] SUCCESS 13 21.52792616107314 376.6020902801796 TAT7597438702438
7 SUCCERS 5 13.672992760440631 415 778065677204 4 557RR4253483 1
g SUCCESS 9 14.716164942999967 458.2820902901796 4.905388314333322
q SUCCESS 9.4B8053338900606 495.5874786045129 31535111 296686864
Makespan for LongestlohSlowestResource: 45.219334702814805
Output For --= Makespan Optimization Algorithrn
GridletiD STATUS ResourcelD Cost StarTime CPUTIme
o SUCCEES 5 8.266530210642216 56.96000000000001 2.755510070214072
1 SUCCESS 13 9.118867560020874 99.92000000000002 3.039622520006958
g SUCCESS 17 9.021237354816776 142.48 3.0070791182722487
a SUCCEES b} 17.414274845938507 180.47962252000698 6.8047582818795025
4 SUCCESS 13 7.A089738T4684671 226.62338255585608 2.802991 291561857
[ SUCCESS 17 21.52792616107314 286.503382555857 7.17597538702438
2 SUCCESS 5 31.031280107549946 336.6420902901796 10.343760035549982
3 SUCCESS 13 30 411.00208029017 96 1.0
7 SUCCESS 17 105199668341 7201 450.43546611820214 3.A06B5561139067
9 SUCCESS 5 12.16935242003592 505.20209029017957 4.05645080667864
Makespan for Makespan Optimization Algarithrm: 43.19280312297802
Finish main b
< >

Developed By : Gurpreet Kaur, ME(Software Engineering ), Thapar University

Screenshot 5.14:Test case considering Jobs Using DAG Approach (4/4)
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5.3 Graphical Analysis of Experimental Results

In this section we analyze the simulation results using graphs. Graphical data consists

of 10 gridlets that are scheduled on 4 heterogeneous resources.

5.3.1 Graphical Results for the Proposed Makespan Optimization Algorithm

10 4

Actual CPU Time
»

4

2
0
1 2 3 4 5 6 7 8 9 10
Gridlets
—e— Actual CPU Time
Figure 5.1: Line Chart showing Actual CPU Time for each Gridlet
35 -
30
£
= 25 -
g 20
E 15 |
5 10 |
<
5
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1 2 3 4 5 6 7 8 9 10
Gridlets
—e— Processing Cost

Figure 5.2: Line Chart showing Processing Cost for each Gridlet
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Gridlets

5 6
Actual CPU Time

W Actual CPU Time

Figure 5.3: Stacked Area Curve for Actual CPU Time where the Area under the curve

Shows the Makespan

5.3.2 Graphical Results for Without Precedence Test Approach
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3

4

5 6
Gridlets

7 8 9 10

W Proposed Makespan
Optimization Algorithm

W FCFS Algorithm

@ Smallest Job Slowest
Resource Algorithm

l Longest Job Slowest
Resource Algorithm

O Random Allocation Algorithm

Figure 5.4:Graph showing Actual CPU Time for each Gridlet considering Jobs
Without Precedence Constraint
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Makespan Comparison

Proposed

Random Allocation Makespan
Algorithm Optimization

22% Algorithm

15%

FCFS Algorithm

Longest Job 2204

Slowest Resource
Algorithm
21%
Smallest
JobSlowest
Resource
Algorithm
20%

Figure 5.5:Pie chart Comparison of Makespan considering Jobs Without Precedence
Constraint

5.3.3 Graphical Results for With Precedence Test Approach
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(T)u Resource Algorithm
,g 8 1 [ Longest Job Slowest
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2
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Figure 5.6:Graph showing Actual CPU Time for each Gridlet considering Jobs With
Precedence Constraint
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Makespan Comparison
Random Allocation Proposed
Algorithm Makespan
26% Optimization
Algorithm
16%
FCFS Algorithm
20%
Longest Job
Slowest Resource
Algorithm Smallest
19% JobSlowest
Resource
Algorithm
19%

Figure 5.7:Pie chart Comparison of Makespan considering Jobs With Precedence
Constraint

5.3.4 Graphical Results using DAG Approach

B Proposed Makespan
Optimization Algorithm

B FCFS Algorithm

E Smallest Job Slowest
Resource Algorithm

M Longest Job Slowest Resource
Algorithm

O Random Allocation Algorithm

Actual CPU Time

1 2 3 4 5 6 7 8 9 10
Gridlets

Figure 5.8:Graph showing Actual CPU Time for each Gridlet considering Jobs Using
DAG Approach
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Makespan Comparison
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Algorithm Makespan
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Figure 5.9:Pie chart Comparison of Makespan considering Jobs DAG Approach
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Chapter 6

Conclusion and Future Scope

In this Thesis work a Makespan Optimization Algorithm for Grid Scheduling is
proposed. The Algorithm is then implemented and successfully simulated on top of
open source GridSim version 4.1 Toolkit. The corresponding results are compared
with other known algorithms and comparative results show that it optimizes
makespan.

The main highlights of the work are:

e The proposed Algorithm makes no assumptions about the architecture of
target computing platforms.

e The algorithm is loosely coupled with the internal structure of the application,
which makes it generic and scalable.

e The proposed Algorithm is compared with FCFS (first come first serve)
Algorithm and Random Allocation Algorithm, Smallest Job Slowest Resource
Allocation Algorithm and Longest Job Slowest Resource Allocation
Algorithm using simulation data. The simulation results show that it optimizes
the makespan for set of jobs.

e The proposed Algorithm assumes availability of finite number of resources in
the Grid.

e The proposed Algorithm takes into account the communication costs between
Grid Nodes.

e The proposed Algorithm is successfully implemented in JAVA programming
Language for complete Platform Independence.

e The proposed Algorithm is simulated on top of GridSim 4.1 Toolkit.

o Data Analysis Visualization for the proposed Algorithm is done using Graphs.

e Use of Open Source Tools & Technologies throughout the design,

development and simulation of Makespan Optimization Algorithm.

Future Scope

e The performance of the Algorithm can be improved by designing a
mechanism that breaks down the application submitted to the Grid for

Execution into a Directed Acyclic Graph.
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e The basic structure of Grid Application assumed by the proposed Algorithm is
of Directed Acyclic Graph, which is inherently Cycle Free, but still a proactive
and dedicated Deadlock Prediction and Avoidance Mechanism can be
designed.

e The improvements can be done to cater the dynamic behavior of the grid
resources.

e Also we would like to extend this algorithm to include various parameters like
option for advance reservation, preemptive jobs as well.

e The current Algorithm has been only simulated on a virtual Grid Environment
simulated by GridSim, before all the design goals can be verified and
validated this Algorithm should be implemented in a Third Party open source
Grid Resource Broker like GridBus Broker, Nimrod-G or Condor-G for

testing in a Real Grid Environment.
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