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Abstract

Grid Computing provides an easy access to distributed resources across the network
which may not be available to the user locally. The resources can be in the form of
computing clusters, data storage, licensed software etc. An underlying
software/hardware known as middleware facilitates the access to these remote
resources by the nodes participating in the grid. There are many middlewares

available for this purpose like Globus, Alchemi.Net, Condor and Sun N1 Grid Engine.

In general a middleware is responsible for maintaining a central database of the
available resources in the grid network and then to schedule the jobs submitted by the
users to appropriate resource access sites. Sun N1 Grid Engine (SGE) is one such kind
of middleware which accepts jobs submitted by users, schedules them and also
performs several other tasks for job management like suspending, aborting,

accounting and reporting.

Performance optimization of grid systems is critical but at the same time very much
desirable. One important parameter for measuring the performance is scheduling time
taken by the middleware, which has been focused in this thesis work. This parameter
can be considerably improved if job resource requirement is obtained at the time of
job submission from the user and then submit the job to the particular resource
category sites, which needs to be already defined by the administrator of the
Distributed Resource Management System (DRMS). This would not only reduce the
efforts of the middleware but also the scheduling time of the job, finally improving

the performance of the middleware.

In this thesis work, optimization of the performance of Sun N1 Grid Engine (SGE) is
done by developing a job submitter using Distributed Resource Management
Application API (DRMAA) with Java Bindings. Comparision of the scheduling time
taken by jobs submitted through the job submitter developed with DRMAA and the
GUI interface “QMON” of the SGE is done. The results show the considerable

optimization of the performance of SGE on the basis of scheduling time of the job.
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Chapter 1
Introduction

1.1 Grid Computing

“Grid computing”, much like an electrical and water types of utilities is available "on
demand" and is capable of providing an always-available facility, making possible the
sharing of computing resources on an extraordinary scale, among an infinite number

of geographically distributed groups [1].

Grid Computing enables users to exploit resources that are not available locally, but
are available at some remote site that may be at some other geographical place. Grid
Computing can be said as more of interconnected computers which are heterogeneous
in nature, across different administrative domains and distributed over different
geographical areas. This interconnection of the computers and smooth working of the
grid is taken care of by a software/hardware known as middleware, which allows
access to distributed resources and does scheduling of the jobs along with keeping the
whole network secured. There are many middlewares available for this purpose like

Globus, Alchemi.Net, Condor and Sun N1 Grid Engine.

A grid is highly heterogeneous, scalable and dynamic in nature;

e Heterogeneity means that there can be different kind of resources, hardware,
software, administrative domains, policies and location of the systems.

e Scalability means that a grid can be extended from few computers to a
millions of computers across the boundaries, which may degrade its overall
performance; hence it must be designed to be extremely fault tolerant.

¢ Dynamicity means that resources or the systems can anytime participate or
leave the grid, therefore the system should be able to extract maximum from
the available resource and reschedule the tasks to other resources without

affecting the overall progress of the job execution.
Scheduling of the jobs is also a major element of grid computing, which is done by

the middleware. Scheduling of jobs can be done on the basis of tickets issued to each

job, priority assigned to the job, urgency related to a job, some polices or combination
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these. Scheduling of the jobs is done by the middleware; it maintains a central
database of the resources that are available across the network. Middleware
determines the resource requirement of the jobs then matches them to the available

resources and then schedules the jobs to particular remote resource site.

Security is an important issue for grid, a grid being spread across multiple
administrative domains having their on security issues and policies, authentication,

authorization and confidentiality are the major areas that are to be taken care of.

1.2 Why Grid Computing?
Computers have been proven to be very efficient to solve complex scientific
problems. They are used to model and simulate problems of a wide range of domains;

for instance medicine, engineering, security control and many more

Although their computational capacity has shown greater capabilities than the human
brain to solve such problems, computers are still used less than they could be. One of
the most important reasons to this lack of use of computational power is that, despite
the relatively powerful computing environment one can have, it is not adapted to such

complicated computational purposes.

1.2.1 Exploit unused resources

In most organizations, computing resources are underutilized. Most desktop machines
are busy less than 25% of the time (consider that a normal employee works 42 hours a
week and that there are 168 hours per week) and even the server machines can often
be fairly idle. Grid computing provides a framework for exploiting these underutilized
resources and thus has the possibility of substantially increasing the efficiency of
resource usage. The easiest use of Grid computing would be to run an existing
application on several machines. The machine on which the application is normally
run might be unusually busy; the execution of the task would be delayed. Grid
Computing should enable the job in question to be run on an idle machine elsewhere
on the network. From this point of view, Grid Computing looks like a great answer to
numerous problems without prodigious management requirements. Convenience does
not always imply simplicity and grid enabled applications have to meet two

prerequisites: first, the application must be executable remotely and with low
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additional operating cost; second, the remote machine must meet any special
hardware, software, or resource requirements needed to run the application.

Hence, remote computing is not only a matter of sending jobs to distant machines but
also choosing the correct machine that has all the required software and hardware.
Even though Computing Power (CPU) can be assumed to be the most commonly
shared resource [7], it belongs to a large set of underutilized resources that are to be
shared on the network such as storage capacity, software, internet connection and the

like which also need to be considered.

1.2.2 Increase Computation

To provide users with more computational power, some crucial areas have to be
considered [7]:

Hardware Improvement: microprocessor architecture and other resource capabilities
of personal computers continuously increase to provide users with additional power.
Periodic computational needs: some applications only need computational power once

in a while. The system is fully utilized at times and idle the rest of the time.

e C(Capacity of Idle Machines: machines are often idle and thus their
computational power is free to use. The idea would be to use it only during
that idle time and leave once the computer is in use.

e Sharing of Computational results: the key to more sharing may be the
development of collaboratories [8]: ”...centers without walls, in which the
nation’s researchers can perform their research without regard to geographical
location-interacting with colleagues, accessing instrumentation, sharing data
and computational resources, and accessing information in digital libraries”.

Considering these areas of interest, communication networks in place could act as a
medium to provide access to advanced computational capabilities, regardless of the

location of resources.

1.3 OGSA: Open Grid Service Architecture

The OGSA architecture [4] is introduced, which is divided in four main layers (Figure
1.1):

Resources (physical or logical), Web services (OGSI), OGSA services and Grid

applications.
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Figure 1.1 OGSA Layered Architecture [3]

1.3.1 Open Grid Service Infrastructure Layer (OGSI)

The Grid infrastructure is built on top of Web services standards, hence leveraging the

Professional Servicas

TU, Patiala

great effort -in terms of tools and support- that the industry has put into the field.
OGSI exploits the mechanisms of Web services like XML and WSDL to specify

standard interfaces, behaviors, and interaction for all grid resources. Nevertheless,

some key characteristics of Web services standards are missing such as ability to

create new services on demand (the Factory pattern); service lifetime management;

statefulness; access to state; notification; and service groups. OGSI is based on the

concept of a Grid service instance and all services in the OGSA platform must adhere

to the conventions specified by OGSI and, therefore, they all are Grid services (Figure

1.2).

Wb servicas

Figure 1.2 OGSI Services [3]

Factory Grid services that implement this interface provide a way to dynamically

create and manage new grid service instances. Factories may create temporary

instances such as a scheduler creating a service to represent the execution of a

particular job, or they may create longer-lived services for frequently used data set.
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Life cycle a system that incorporates transient and stateful service instances must be
provided with procedures that manage each instance for a specified lifetime. This
means that at service destruction, those procedures have to remove all intermediate
services that were created. To guarantee those requirements, two standard operations
have been defined: Destroy (explicit destruction) and SetTerminationTime (lifetime
management). The life cycle mechanism was architected to prevent grid services from
consuming resources indefinitely without requiring a large scale distributed “garbage

collection” scavenger.

State management Grid services can have state. OGSI specifies a framework for
representing this state called Service Data and a mechanism for inspecting or
modifying that state named Find/SetServiceData. Further, OGSI requires a minimal
amount of state in Service Data Elements that every grid service must support, and

requires that all services implement the Find/SetServiceData portType.

Notification Dynamic services have to be able to notify each other about interesting
changes as the system runs. This communication of distributed systems is
asynchronous. Many interactions between grid services require dynamic monitoring
of changing state. In this architecture, service and abstraction interfaces are defined
for subscription to (NotificationSource) and delivery of (NotificationSink) these
notifications, so that services constructed by the composition of simpler services can
deal with notifications (e.g., for errors) in standard ways. The NotificationSource
interface is integrated with service data, so that a notification request is expressed as a

request for subsequent “push” mode delivery of service data.

HandleMap When factories are used to create a new instance of a grid service, the
factory returns the identity of the newly instantiated service. The result of this request
is a Grid Service Handle (GSH) and a Grid Service Reference (GSR). A GSR is
created with finite lifetime during which it might change while a GSH is guaranteed
to reference the grid service indefinitely [5]. The HandleMap interface provides a way
to obtain a GSR given a GSH. First, There is a need to identify the HandleMap
service that contains the mapping for the precise GSH and then contact this specific

HandleMap to get the required GSR.
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1.3.2 Physical and Logical Resources Layer

With no doubt, the concept of resources is central to grid computing and thus to
OGSA. This common collection can be subdivided into two sets, physical and logical
resources which comprise the capabilities of the grid. On one hand, physical resources
include servers, storage, and network. On the other hand, logical resources provide
additional function by virtualizing and aggregating the resources in the physical layer.
From a general point of view, middleware such as file systems, database managers,

directories, and workflow managers provide these abstract (logical) services.

1.3.3 OGSA Architected Grid Services Layer
The Web services layer, with its OGSI extensions, provide a base infrastructure for
the next layer — architected grid services. It is seen that OGSI was an important step
towards the development of a Grid SOA. However, a wide collection of grid services
need to be implemented and provided by both middleware software and grid software
to ensure application development. This additional layer can be subdivided into four
categories (Figure 1.3):

® Domain-Specific Services

e (Grid Program Execution Services

® Grid Data Services

e Grid Core Services

Daomain Epeacific Services

rid Program :
ExSc:ut'ronDSgemces Gnd Core Sarvices Grid Data Sanvices
Service Management HServlae Commun Icatlon| | Policy Manage ment || Security

Extended \Web Services (WSDL 1.X)
dynamic, addressable, slate-fnll, managable

Figure 1.3 Grid Core Services [3]
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A closer look at these is taken to understand what the role of this layer, as a whole, is.
Grid Core Services Figure 1.3 shows that the grid core services are dividable in four
main types of grid services:

e Service management

e Policy management

e Service communication

e Security
These services are to be exploited by most — if not all — higher-level services
implemented either in support of program execution or data access, or as domain

specific services [3].

Service management is a set of functions that automate and assist maintenance,
monitoring and troubleshooting of a service deployed in the Grid. Within this
collection, functions for provisioning and deploying the system components as well as
collecting and exchanging data (accounting, faults, billing...) about the operation of

the grid can be found.

Policy services includes a range of policies managing security, performance, resource
allocation and an infrastructure for services ("policy aware”) to make use of policies
to drive their operation. It generates a framework that facilitates policy creation,
administration and management. Mechanisms for negotiation between service

providers and their clients are provided including control of quality and performance.

Service communication comprises support functions for grid services to
Communicate with each other. Several communication models are supported to

enable interservice communication (message queuing, event notification, logging...).

Security services enable and extend Core Web Services security protocols to provide
authentication, authorization, encryption and the like, adapted to a given service. It
comprises security models, protocols and technologies for secure communication and

data exchange.
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Grid Program Execution Services

The two previously defined services are in general applicable to any distributed
computing system. In contrast, a Grid program execution class is unique to the grid
model of distributed task execution that supports high-performance computing,
parallelism, and distributed collaboration. Job scheduling and workload management
implemented as part of this class of services are central to Grid computing and the

ability to virtualize processing resources.

Grid Data Services

Collection of interfaces supporting data virtualization while providing services that
facilitate access to many distributed information such as documents, databases,
streaming and files. These services exploit data using placement methods like data
replication, data movement assuring QoS across the Grid. Methods for federating
multiple disparate, distributed data sources may also provide integration of data stored

under differing schemas such as files and relational databases.

1.3.4 Grid Applications Layer

Over time, as a rich set of grid-architected services continues to be developed, new
grid applications that use one or more grid architected services will appear. These
applications comprise the fourth main layer of the OGSA architecture. The above
introduction shows, in a rather detailed style, the structure of OGSA and its
components. OGSA is a standard, itself built on standard technologies, that is

necessary for realizing distributed heterogeneous computing.

1.4 Grid Applications

A typical example of a Grid application is “weather prediction”. This involves
collaboration between several partners: TV stations that produce regular weather news
reports, a Satellite Company that regularly provides space images of the earth, a super
computing center that rapidly analyses the images and a visualization center that
produces visual interpretations of the weather analysis (Figure 1.4). The smooth
running of this project for the timely production of regular weather reports crucially
depends on appropriate schemas for securely sharing, exchanging, and coordinating

information between these partners.
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Figure 1.4 Weather prediction using Grid [6]

The power of Grid is particularly useful in arenas involved in intensive processing
such as life science research, financial modeling, industrial design, and graphics
rendering [6]. Many governments have recently initiated special programmes to
support the Grid: The benefits of having partnerships between institutions to achieve

ambitious projects have been well recognized.

1.5 Components of Grid
Grid computing can be divided into six major components [3]. A detailed description
of each of those is given in the subsequent sections and thus only a brief introduction

of the reasons why they are considered as major is given here.

1.5.1 User Interface
Accessing information on the grid is fairly important, and the user interface [3]
component handles this task for the user. It often comes in one of two ways:
e An interface provided by an application that the user is running.
® An interface provided by the grid administrator, much like a Web portal that
provides access to the applications and resources available on the grid in a

single virtual space.
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The use of a user interface as a portal is also important because it can help users to

learn how to query the grid.

1.5.2 Security

Computers on a grid are networked and running applications; they can also be
handling sensitive or extremely valuable data, so the security component of grid
computing is of crucial concern. This component includes elements such as

encryption, authentication, and authorization.

1.5.3 Workload Management

Applications that a user wants to run on a grid must be aware of the resources that are
available; this is where a workload management service comes in handy. An
application can communicate with the workload manager to discover the available

resources and their status.

1.5.4 Scheduler

A scheduler is needed to locate the computers (resources) on which to run an
application, and to assign the jobs required i.e. scheduler map the heterogeneous
resources with application’s tasks. 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.

1.5.5 Data Management
If an application is running on a system that doesn’t hold the data the application
needs, a secure, reliable data management facility takes care of moving that data to

the right place across various machines, encountering various protocols.

1.5.6 Resource Management

To handle such core tasks as launching jobs with specific resources, monitoring the
status of those jobs, and retrieving results, a resource management facility is
necessary. It’s important to remember that grid computing doesn’t operate in a
vacuum—just the opposite. It potentially involves every protocol and computer

technology in operation today.

10 n
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1.6 Thesis Framework

This section discusses the framework of this thesis. This thesis is organized as

follows:

Chapter 2 deals with the literature review, it starts with the history of grid computing,
then moves on to describing different middlewares available for grid systems. Then it
gives an overview of different APIs available for grid. The last section of this chapter

describes how grid API DRMAA and SGE work together.

Chapter 3 is the problem definition; this chapter gives a view of the limitations of the
existing system. The next section describes the solution proposed to overcome these
limitations and improve the performance of the system. The methodology used to

implement the solution is discussed in the last section of this chapter.

Chapter 4 describes how the problem defined in chapter 3 can be solved and how the
implementation of the solution is done. The first section of the chapter describes how
a grid environment using SGE is set up. The next section discusses the use of
DRMAA with java bindings. The later section gives the details of development of a
job submitter using DRMAA as a solution to the problem defined in previous chapter.
The jobs used for experiments are discussed in the next section. Then the job

submission through QMON and DRMAA is described.

Chapter 5 gives the experimental results, analysis and comparison of the job
submission through QMON and DRMAA. The results and analysis of the

experiments are presented in the form of graphs.

Chapter 6 presents the conclusion of the thesis and highlights future research
directions based on the results obtained.
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ShilpiGupta_80631022



Computer Science and Engineering Department TU, Patiala

Chapter 2

Literature Review

2.1 Evolution of Grid Computing

The term “Grid” was coined in the mid1990s to denote a proposed distributed
computing infrastructure for advanced science and engineering. The concept of
Computational Grid has been inspired by the ‘electric power Grid’, in which a user
could obtain electric power from any power station present on the electric Grid
irrespective of its location, in an easy and reliable manner. When additional electricity
is required, there is need of just plugging into a power Grid to access additional
electricity on demand, similarly for computational resources plug into a
Computational Grid to access additional computing power on demand using most

economical resource [11].

Technology Year
Networked Operating Systems 1979-581
Distributed operating systems 1988-91
Heterogeneous computing 1993-94
Parallel distributed computing 1995-96
The Gnd 1998

Table 1.1 Historical Background of Grid [12]

The theory behind "Grid Computing.” is not to buy more resources but to borrow the
power of the computational resources you need from where it's not being used”. Many
of the basic ideas behind the Grid have been around in one form or other throughout
the history of computing. One of the "novel" ideas of the Grid is sharing computing
power.

There is a certain amount of "reinventing the wheel" going on in developing the Grid.
However, each time the wheel is reinvented; it is reinvented in a much more powerful
form, because computer processors, memories and networks improve at exponential

rates [13]. Because of the huge improvements of the underlying hardware (typically
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more than a factor of 100x every decade), it is fair to say that reinvented wheels are

qualitatively different solutions, not just small improvements on their predecessor.

2.2 Different Middlewares for Grid

Grid is more easily stated as consisting of shared heterogeneous computing and data
resources networked across administrative boundaries. Thus, a grid can be thought of
as both an access method and a platform, with grid middleware being the critical
software that enables grid operation and ease-of-use. For a grid to function

effectively, it is assumed that

e Hardware and software exists on each resource to support participation in a
grid and,
e Agreements and policies exist among grid participants to support and define

resource sharing [2].

Availability of resources in a grid environment being highly dynamic in nature, it’s
the middleware or job resource manager who is responsible of providing resources to
a particular job and scheduling it to different distributed resources across the grid
network. There are different middlewares available for this purpose, some of which

are described below:

2.2.1 Alchemi.Net

There is a distinct lack of service oriented architecture-based grid computing software
in Microsoft Windows based grid computing infrastructure. To overcome this
limitation, Windows-based grid computing framework called Alchemi [20] [21] [22]

is implemented on the Microsoft .NET Platform.

The Microsoft .NET Framework provides a powerful toolset that can be leveraged for
all of these, in particular support for remote execution (via .NET Remoting and web
services), multithreading, security, asynchronous programming, disconnected data
access, managed execution and cross-language development, making it an ideal

platform for grid computing middleware.
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The Alchemi grid computing framework was conceived with the aim of making grid
construction and development of grid software as easy as possible without sacrificing
flexibility, scalability, reliability and extensibility. The key features supported by
Alchemi are:

® Internet-based clustering of desktop computers without a shared file system.

e Federation of clusters to create hierarchical, cooperative grids.

e Dedicated or non-dedicated (voluntary) execution by clusters and individual
nodes.

e Object-oriented grid thread programming model (fine-grained abstraction).

e Web services interface supporting a grid job model (coarse-grained
abstraction) for crossplatform interoperability e.g. for creating a global and
cross-platform grid environment via a custom resource broker component.

The architecture of Alchemi follows the master-worker parallel programming
paradigm in which a central component dispatches independent units of parallel
execution to workers and manages them. This smallest unit of parallel execution is a
grid thread, which is conceptually and programmatically similar to a thread object (in
the objectoriented sense) that wraps a "normal" multitasking operating system thread.
A grid application is defined simply as an application that is to be executed on a grid
and that consists of a number of grid threads. Grid applications and grid threads are

exposed to the grid application developer via the object-oriented Alchemi .NET API.
The following are the components of Alchemi:

(A) Manager: The Manager manages the execution of grid applications and
provides services associated with managing thread execution. The Executors
register themselves with the Manager which in turn keeps track of their
availability. Threads received from the Owner are placed in a pool and
scheduled to be executed on the various available Executors. A priority for
each thread can be explicitly specified when it is created within the Owner,
but is assigned the highest priority by default if none is specified. Threads are
scheduled on a Priority and First Come First Served (FCFS) basis, in that
order. The Executors return completed threads to the Manager which are

subsequently passed on or collected by the respective Owner [11].
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(B) Executor: The Executor accepts threads from the Manager and executes them.
An Executor can be configured to be dedicated, meaning the resource is centrally
managed by the Manager, or non-dedicated, meaning that the resource is managed on

a volunteer basis via a screen saver or by the user [11].

(C) Owner: Grid applications created using the Alchemi API are executed on the
Owner component. The Owner provides an interface with respect to grid applications
between the application developer and the grid. Hence it “owns” the application and
provides services associated with the ownership of an application and its constituent
threads. The Owner submits threads to the Manager and collects completed threads on

behalf of the application developer via the Alchemi API [20].

(D) Cross-Platform Manager: The Cross-Platform Manager is an optional
subcomponent of the Manager, it is a generic web services interface that exposes a
portion of the functionality of the Manager in order to enable Alchemi to manage the
execution of platform independent grid jobs (as opposed to grid applications utilizing
the Alchemi grid thread model). Jobs submitted to the Cross-Platform Manager are
translated into a form that is accepted by the Manager (i.e. grid threads), which are
then scheduled and executed as normal in the fashion described above. Thus, in
addition to supporting the gridenabling of existing applications, the Cross-Platform
Manager enables other grid middleware to interoperate with and leverage Alchemi on

any platform that supports web services (e.g. GridBus Grid Service Broker) [11].

2.2.2 Condor: Cycle Stealing Technology for High Throughput Computing

Condor [22] [23] is a high-throughput computing environment developed at the
University of Wisconsin at Madison, USA. It can manage a large collection of
computers such as PCs, workstations, and clusters that are owned by different
individuals. Although it is popularly known for harnessing idle computers CPU cycles
(cycle stealing), it can be configured to share resources. The Condor environment
follows a layered architecture and offers powerful and flexible resource management
services for sequential and parallel applications. The Condor system pays special
attention to the computer owner’s rights and allocates their resources to the Condor
pool as per the usages conditions defined by resource owners. Through its unique

remote system call capabilities, Condor preserves the job’s originating machine
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environment on the execution machine, even if the originating and execution
machines do not share a common file system and/or user ID scheme. Condor jobs
with a single process are automatically check-pointed and migrated between
workstations as needed to ensure eventual completion. The Condor has been extended
to support submission of jobs to resources Grid-enabled using Globus services.
Condor can have multiple Condor pools and each pool follows a flat machine
organization. The Condor collector, which provides the resource information store,
listens for advertisements of resource availability. A Condor resource agent runs on
each machine periodically advertising its services to the collector. Customer agents
advertise their requests for resources to the collector. The Condor matchmaker queries
the collector for resource discovery that it uses to determine compatible resource
requests and offers.

The agents are then notified of their compatibility. The compatible agents then contact
each other directly and, if they are satisfied, then the customer agent initiates
computation on the resource. Resource requests and offers are described in the
Condor classified advertisement (ClassAd) language. ClassAds use a semi-structured
data model for resource description. Thus, no specific schema is required by the
matchmaker allowing it to work naturally in a heterogeneous environment. The
ClassAd language includes a query language as part of the data model, allowing
advertising agents to specify their compatibility by including constraints in their
resource offers and requests. The matchmaker performs scheduling in a Condor pool.
The matchmaker is responsible for initiating contact between compatible agents.
Customer agents may advertise resource requests to multiple pools with a mechanism
called flocking; allowing a computation to utilize resources distributed across

different Condor pools. The scheduler is centralized [24].

2.2.3 Globus

Globus provides a software infrastructure that enables applications to view distributed
heterogeneous computing resources as a single virtual machine. The Globus project is
an American multi-institutional research effort that seeks to enable the construction of
computational Grids. A central element of the Globus system is the Globus Toolkit
[25], which defines the basic services and capabilities required for constructing
computational Grids. The toolkit consists of a set of components that implement basic

services, such as security, resource location, resource management, data management,
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resource reservation, and communications. The toolkit provides a bag of services
from which developers of specific tools or applications can select, to meet their own
particular needs.

Globus is constructed as a layered architecture in which higher-level services can be
developed using the lower level core services. Its emphasis is on the hierarchical
integration of Grid components and their services. This feature encourages the usages
of one or more lower level services in developing higher-level services. Resource and
status information is provided via an LDAP-based network directory called
Metacomputing Directory Services (MDS). MDS consists of two components, Grid
Index Information Service (GIIS) and Grid Resource Information Service (GRIS).
GRIS implements a uniform interface for querying resource providers on a Grid for
their current configuration, capabilities, and status. GIIS pulls the information from
multiple GRIS services and integrates it into a single coherent resource information
database. The resource information providers use a push protocol to update GRIS.
Thus MDS follows both push and pull protocols for resource dissemination. Higher-
level tools such as resource brokers can perform resource discovery by querying MDS
using LDAP protocols. The MDS namespace is organized hierarchically in the form

of a tree structure. Globus offers QoS in the form of resource reservation [24].

2.3.4 Sun N1 Grid Engine

Sun’s Grid Engine is a Distributed Resource Management tool; it provides load
management across heterogeneous, distributed computing environments. Sun made
the source available under the Grid Engine project [26]. The Grid Engine project is an
open source community effort, sponsored by Sun, to further distributed computing
applications and services. The open source version of the software is known as Grid
Engine. Grid Engine is generally installed across a cluster of machines using a shared
file system. It can be configured to work across disparate file systems. Users submit
jobs to Grid Engine and Grid Engine manages the allocation of jobs to machines
within the cluster. This ensures the resources are used more productively therefore
increasing availability. There are various components (Figure 2.1) that make up a Sun
Grid Engine cluster.

(A) Hosts: There are different types of host in a Grid Engine cluster:

Master Host: The master host acts as the core of this centralized system. The

daemons gmaster and schedd run on the master host. There is only one master host.
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Execution Host: An execution host is a node within the cluster that is capable of
executing jobs. Each execution host runs the execution daemon execd.
Administration Host: Administration hosts are nodes that are given permission to
alter the configuration of the Grid Engine cluster. By default the master host is also an
administrative host.

Submit Host: Submit hosts are nodes within the cluster that users are allowed to
submit jobs from to the Grid Engine. By default the master host is also a submit host.
Shadow Host: This node monitors the master host. If the master host fails, the
shadow host takes over. If there is more than one shadow host an election protocol

ensures only one takes over as master.

TR ¥
Execution

Daemon
-

—
Execution

Daemon
e

gsub
qrsh
glogin
gmon

gtsch

Execution

Daemon
R

( T
Scheduler!|  shadow Execution

Master Daemon
-

Figure 2.1 N1 Grid Engine Components [28]

(B) Daemons: Daemons are processes that run background on nodes of the Grid
Engine cluster.

Master Daemon: The gmaster daemon is central to the Grid Engine. It handles all
requests to the Grid Engine Database and coordinates with the scheduler daemon and
execution daemons.

Scheduler Daemon: The schedd is responsible for retrieving the current state of the

cluster from gmaster and deciding which queue a job should be assigned to.
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Execution Daemon: The execd is responsible for running jobs for the queue(s)
configured for the execution host it runs on. It receives requests from gmaster, such as
to run a job, and sends job reports and load reports back to the gmaster.

Shepherd Daemon: An individual shepherd is started by the execd as the parent
process of each job. The shepherd starts the job and collects resource usages statistics
once the job finishes.

Communication Daemon: The commd is used to separate communication from
processing. All messages between daemons and/or hosts are sent via the commd.
Shadow Daemon: The shadowd runs on a shadow host. This daemon monitors the
gmaster daemon. If the shadowd detects the qmaster has failed all running shadowds

decide which is to take over as the new gmaster.

(C) Queues: Queue represents a class of jobs allowed to execute concurrently on an
execution host. Jobs do not wait in a queue, once dispatched to a queue the job is
associated with that queue and runs on that execution host. If the queue is suspended
then so are any running jobs. The only place jobs wait are in the scheduler’s job
pending list.

Queues are configured with various attributes, for example the number of processors.
Job requirements have to fit within queue attributes for that queue to be considered as
a suitable place for the job to run. If there is more than one suitable queue the
scheduler will base its decision in a configurable manner: it can choose least loaded

queue or based on queue sequence number [26].

(D) Complexes: Complexes are used to provide all the useful information about
attributes of resources used within Grid Engine. They are also used as the framework
for the Grid Engine’s Consumable Resource facility, where attributes have an
associated capacity that is monitored. They are used to describe queue, host and the
global cluster attributes. The description includes name, shortcut, type, value, relation,

requestable, consumable and default.
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2.3 APIs for Grid

In the Grid world, there are different systems for several tasks, like number of
environments for jobs scheduling, file transfers, resource discovering etc. These tasks
complicate applications and make porting really difficult.

To address these challenges and in particular to find a solution to the universal,
apparently intractable problem of successfully Grid-enabling applications, several
applications groups expressed the desire for a simple programmatic interface that is
widely-adopted, usable and available. The goal of such an interface would be to
provide developers with a simple, uniform, and standard programmatic interface with
which to develop distributed applications. This interface is known as Grid Application
Programming Interface (Grid API). There are several APIs available for grid

applications as discussed in following sections.

2.3.1 GridRPC
A commonly used way of network programming is Remote Procedure Call. There
was a need to port this concept to the Grid environment also. Grids are special in the
context of RPC programming [14] because of:

¢ Dynamic resource discovery and scheduling,

¢ Scientific datatypes (large matrices),

e Big variety of calls complexity (from a second to days or weeks).
Hence, GridRPC [14, 15] offers API for function calls, execution control and
synchronization. It hides service discovery behind simple API call, i.e. obtaining

function handle.

2.3.2 SAGA

The Simple API for Grid Applications (SAGA) [16], has the potential to become an
important specification, due to the current problems for application developers, which
revolves around the rapid rate of change in middleware standards and APIs, its
complexity, and the fact that different middleware exists on different grid systems.
SAGA aims to be to the grid application developer what MPI has been to the
developer of parallel application. In SAGA object-oriented approach is used and there

are different packages responsible for different areas of grid subsystems (session
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handling and security, jobs and tasks, data management, steering and monitoring, task

dependencies) [17].

2.3.3 DRMAA

A key component of the grid is a distributed resource management system: software
that queues, dispatches, and controls jobs. The Distributed Resource Management
Application API (DRMAA) working group [18] has released the DRMAA
specification, which offers a standardized API for application integration with C,
Java, and Perl bindings. DRMAA can be used to interact with batch/job managements
systems, local schedulers, queuing systems, and workload management systems.
DRMAA has been implemented in a number of DRM systems, including Sun's Grid
Engine, Condor, PBS/Torque, Gridway, gLite, and UNICORE.

2.4 Sun N1 Grid Engine and DRMAA

Enterprises use DRM (Distributed Resource Manager) software, such as Sun N1 Grid
Engine, to radically increase throughput in their data centers. The critical factor in
making DRM grid software productive is seamlessly integrating it into the existing IT
infrastructure. A good DRM application integration will allow the users to continue
working as usual, keeping the grid software totally transparent to them. The only
changes the users should notice are that results are delivered faster, accelerating
everyday operations in the users' environments and dramatically improving
productivity [27].

DRMAA is a software standard developed in the GGF (Global Grid Forum) by
representatives from among the world’s leading DRM vendors to make interaction
with DRM systems more uniform, in an effort to generally promote integrated job
processing. An application integrated with the standard DRMAA interface can be run
on any DRM software that has adopted the DRMAA standard.

Anyone who is planning a seamless integration with N1 Grid Engine should consider
using DRMAA for their system:

e End Users who must control the job workflow in their work

e Enterprise system integrators (internal or external) who support the software

infrastructure for N1 Grid Engine
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e [SV's (Independent Software Vendors) of applications that are typically run
through
o DRM systems
® NI Grid Engine OEMs
The DRMAA standard substantially increases the value of such integrations compared
to using DRM-specific interfaces, such as qsub, gstat, qdel, etc. in the case of N1 Grid
Engine [27].
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Chapter 3

Problem Formulation

3.1 Limitations of the existing system

Most of the users that use a grid system, submit jobs to the system through a user
interface that has been provided by the administrator of the Distributed Resource
Management System (DRMS). Often users submit the job and leave the major tasks
of determining the resource requirement and scheduling of job to the middleware.

The SGE middleware system features a graphical user interface (GUI) command tool,
the QMON Main Control window. The QMON Main Control Window (Figure 3.1)
enables users to perform most grid engine system functions, including submitting

jobs, controlling jobs, and gathering important information [27].

File Task

Figure 3.1 QMON Main Control Window [27]

The limitations observed while using this graphical interface are:

e  Administrator of the DRMS cannot determine the resource requirement of the
jobs before its submission to the system.

e There is no provision of submitting the jobs to a particular resource category
site.

e Administrator of the DRMS is unable to define different methods of
overriding policies specific to different resource sites for the same job.

¢ Due to more command line interactions while job submission through QMON,

the performance of SGE based on scheduling time of job is reduced.
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Figure 3.2 Life Cycle of a Job in SGE [28]

3.2 The Proposed Solution

The problems or the limitations defined in the above section of this chapter are
proposed to be solved by developing a new Job Submitter interface using an API for
grid called DRMAA (Distributed Resource Management Application API) with Java
Bindings.

The proposed solution aims at solving the problems defined in the above section
along with optimizing the performance of the SGE on the basis of time taken to
schedule the jobs. The new job submitter that has been proposed will take the
resource requirements of the job from the user at the time of submission of the job and
would allow the user to submit the job to particular resource requirement sites and
override the site policies using the job categories that need to be already defined by

the administrator of the DRMS.

As the new Job Submitter is being developed using DRMAA, it shall increase the
performance of SGE because DRMAA provides a fundamental set of operations
allowing programmatic access to capabilities common to all DRM systems for
integrated environments. Due to session-based programming model provided by

DRMAA, interactions with DRM systems are comparatively faster than interactions
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via the command line. For example, Due to lower job submission overhead, job

submission rates can easily be doubled just by using DRMAA [27].

3.3 Methodology Used

To implement the proposed solution of the problem that is being taken care of in this
thesis work, the following methodology is used:
I. A Grid Environment using Sun N1 Grid Engine (SGE) as middleware is set up
for performing desired experiments.
II. The study of how to use DRMAA with SGE is undertaken
III. A new Job Submitter using DRMAA with Java Bindings is developed for the
purpose of overcoming the limitations and improving the performance of SGE.
IV. Three job scripts are used for performing experiments and show the desired
improvement in the performance of the SGE. Two example job scripts available
with SGE package are used and one job script is developed for the same
purpose.
V. The job submission experiments are performed and scheduling time of the jobs
is noted down of jobs submitted through QMON and DRMAA Job Submitter.
VI. The comparative analysis of the results obtained from the experiments is done.
VII. Final results of achieving the proposed solution and optimization of

performance of the SGE are shown through graphs.

The implementation details of the above methodology are given in the next chapter.
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Chapter 4

Implementation Details

This chapter discusses the implementation details of the solution proposed for the
problems defined in the previous chapter. First section of this chapter describes the
setting up of grid environment. The next section gives a brief view of using DRMAA

with java bindings as this has been used for developing the proposed job submitter

Third section of this chapter discusses that how the job submitter has been developed
for a grid environment using SGE as middleware with the help of DRMA API Java
Bindings, its features and parameters. The next section discusses the jobs that are
taken for performing the experiments. Lastly, this chapter gives the details about how
jobs are submitted through QMON and DRMAA job submitter and outputs that are

obtained.

4.1 Setup of Grid Environment using Sun N1GE

There are three V20Z Sun Fire Rack Servers, which are used to set up a grid
environment and build a cluster of Sun N1GE. On these three servers Solaris 10
operating system is installed and hostnames as tietgrid8, tietgridO1 and tietgrid02 are
given to them. The prerequisite of making a cluster of systems is that they should be
interconnected through LAN and be able to communicate with each other. The
systems are already connected via LAN. SGE version 6.1 update 3 is installed on

them.

The master host is installed on the system with hostname tietgrid8; it acts as
administration host, submission host, and also as execution host. Then execution host
is installed on servers with hostnames tietgridO1 and tietgrid02 respectively. They act
as submission host, execution host and administration host, a node has to be an
administration host before it can be an execution host.

The detailed steps of installation of SGE are given in the Appendix - A at the end of
this thesis.
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4.2 Using DRMAA with Java Bindings

To use the DRMAA with Java language binding implementation included with Sun
N1 Grid Engine 6.1, location of important files should be known. The most important
file is the DRMAA JAR file sge-root/lib/drmaa.jar. To compile a DRMAA
application, DRMAA JAR file must be included in the CLASSPATH. The DRMAA
classes are documented in the DRMAA Javadoc, located in the sge-root/doc/javadocs
directory. To run the application, a DRMAA shared library, sge-
root/lib/arch/libdrmaa.so, is also needed which provides the required native routines.
To use the DRMAA classes in the application, classes of applications should import
the DRMAA classes or packages. Only the classes in the org.ggf.drmaa package will
be used. These packages can be imported individually or using a wildcard package
import.

The DRMAA shared library, which is used by default, supports version 1.0 of the
DRMAA Java Language Binding Specification.

4.3 Development of Job Submitter using DRMAA
A Job Submitter using DRMAA with Java Bindings is developed, for development
NetBeans IDE 5.5 is used. Detailed steps of using DRMAA with NetBeans IDE 5.5

are given in Appendix - B at the end of this thesis.

For this Job Submitter using DRMAA, few job categories are defined for a job. Site
administrators may create a job category suitable for an application to be dispatched
by the DRMS; the associated category name could be specified as a job submission
attribute. The DRMAA implementation may then use the category name to manage
site-specific resource and functional requirements of jobs in the category. An example

can illustrate this idea:

At site A, an application X is used in a heterogeneous clustered environment that is
managed by a DRMS. Since application X is available only at a subset of these
machines, the administrator wants to set up the DRMS so that the end users may be

able to submit jobs to this subset of machines only.

At site B, the same application is used in a homogeneous clustered environment with

an application X supported at all machines managed by the DRMS. However, since X
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jobs do compete with applications Y sharing the same resources and X applications
are to be treated with higher priority than Y jobs, end users need to specify some
priority in their submit command line for raising the dispatch priority.

An integration based on categories will allow submitting X jobs through the DRMAA
interface in compliance with the policies of both sites A and B without the need to
know about these policies. This can be done by specifying "X" as the category used
for X jobs submitted through the DRMAA interface and by mentioning this in the
"DRMS integration" section of the X jobs software documentation.

The administrators at site A and site B will read the documentation or installation
instructions about the "X" DRMAA category. The documentation of their DRMS
contains directions about the category support of their DRMAA interface
implementation. From this documentation they learn how to configure their DRMS in
a way that how "X" jobs can be submitted to particular subset of machines at site A

and set priority for “X” jobs at site B for those jobs.

The above idea is implemented by defining job categories as categoryl, category2,
and category3 in the DRMAA job submitter. The administrator of the DRMS
according to his needs may modify the definition of these job categories. Defining
these job categories beforehand would reduce the effort of the middleware in
determining the resource requirements and scheduling of the job, eventually
improving the performance of the SGE. It is also a boon for a novice user who may

not know how to get his jobs submitted to a particular resource category site.

Working of DRMAA Job Submitter

I. The job category along with job path is taken as input from the user.
II. A new job session template is created for every job.
III. The definition of the job categories is specified in the hashmap table of the
program code.
IV. On the basis of the input taken, hashmap is resolved to get corresponding
definition argument for submitting the job to SGE.
V. This argument is then passed to nativespecification() function provided in
DRMAA.

VI. The job path is passed to jobtemplate’s remote command function.
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VII. The job is run through a runjob() function of the session.

VIII. A message of successful submission of the job is shown.
IX. After collecting the parameters related to the job and checking its finish status
the corresponding status message and parameters related to the job are shown

and session jobtemplate is deleted.

4.4 Jobs for Experiments

Some sample job scripts are required for performing the experiments. In this thesis
work, three job scripts that are coded in shell script are taken for the purpose of
experiments. These jobs are for serial execution and not for parallel execution. The
description of jobs taken for experiments is as follows:

Sleeper.sh is a job script available in example scripts bundled with SGE, in this job

script a new thread is created and made to sleep for 1000ms.

Simple.sh is again a job script available in example scripts bundled with SGE, this

job script prints the current date and time of the system twice as an output.

Prime.sh is a job script that has been developed for experiments in this thesis work;

this job script generates all prime numbers in the range 1 to 1000.

4.5 Job Submission through QMON
This section shows how the jobs are submitted through QMON to the DRMS.

1. The Screenshot 4.1 shows the job submission tab on the QMON control window.

javar) Launcn JE H[= inetseans 1@ rrermina 0 i) amon s [ tamon ++ | I 5~ SR Thujun 5 asa e ]
Screenshot 4.1 Submit Job Tab on QMON Control Window
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2. The Screenshot 4.2 shows where the job path has to be specified.

This Complter. -
Submit.Job
|
|

P BV

Eocuments

General Advanced [

Prefizly Z _IMerge Cutput Lobed
|l ]

Job Seript rsLgdout
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Job Name stdin
|prime.sh
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Pricrity Job Share
b Al
j x|
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OV Eryiew | E Restart depends on Queus 4|

# E I Notify Job

L =

: _l Current Working Directory - Hold Job [UNDEF INED
Working Directory _l8tart Job Immediately

Network Places:|

Request Rescurces

Viteh Browser

_| Job Reserwvation
Shell

[/bin/sh b

}ava“] La unch% E[, [File Brole [NetBean]Q‘ [Termina\l[j QMON +.h_; [QMON +]E-- ﬂ/ @ Thu Jun 5, 4:35 PM E

Screenshot 4.2 Submit Job window to specify job script’s path

3. Then click submit button to submit the job.

This Complter,
[ ] SubmitJob,

General Advanced

Prefixz|[+s _l Merge Output
Job Script stdout

[rexpert homes/nlget/ exan| [
Job Tasks stderr
Job HName ‘Stdll’,\
[prime.sh [
Job Args

Regquest Rescurces

[

Priority Job Share @
a a

p i b =

Start at

E| |restart depends on pueue |

Froject

) | 2 Werify Job

i current Working Directory | — Hold JoOb [UNDEFINED

G Slia il |rorcing Directory 1 8tart Job Immediatelwy

I Job Reserwvation
Shell

[Foinssh L] [Job 758 submitted

ovar} J H(: i1 aroe] @ inewmean]a trermnai [ .aMon + | iaven. .« I 5§ @ - o 5 235 )

Screenshot 4.3 Submit Button on Submit Job Window
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4. The job is now submitted and shown in the running jobs queue (Screenshot 4.4)

QMDD +-++ Job Control

] Running Jobs n Finished Jobs

JobMame

H . [File €] [File El-‘§ [nets| Bl Termi |28 [Terr|[ ] gmor|[ ] gMor E-- !/ @ Thu Jun 5. 5:04 PM

Screenshot 4.4 Job in running state in job control window

5. Scheduling time of a job is calculated as a difference between the Start Time of the
job and the Submit Time of the job. The Screenshot 4.5 shows the submit time and
start time of a job that is currently running. This Submit Time and Start Time of every

job are noted down to calculate the Scheduling Time.

QMON +++ Job Contro|

A Vi GE|

Pending Jobs

SubmitTime StartTime

iava'“}:L néc/h;% E . [File Br| _. [File Br| ¥ [NetBe Termindd[] oMON |[] oMoN @-- !’ @ Thu Jun 5. 4:56 PM E

Screenshot 4.5 Submit time and start time of the currently running job
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Though the QMON doesn’t have the provision of submitting the jobs to a particular
job resource site, but a job can be submitted to a particular queue, by specifying the

particular queue in the soft queue list at the advanced tab of job submission window.

Screenshots 4.6 shows this.

submit Job

k;VI GE Job Submission i ol

General Advanced S | |

Parallel Environment Verify Mode " bscript | |

= ; |
| e | L submt

Environment Mail

i | Jstare of gob L Edt
Context 20 of gab T

| G s avort of tob [ Rebad ]
Checkpoint Object — _I Buspend of Job _

| ﬂ Mail To % |
fmm— [rootat istgr ida ) Loadsetings
| Hard ueue List _ ome |
T —— L Heb

/\

|a11.q@tietgrid[|1 o
M\S"ﬂ Queue List
in Advanced |

Job Dependencies

[ Tab |
BESEAE Dl ! I

}ava?“] % . [File Brl', [File Bn[J [NetBelﬁ Term\n(lD QMON [[j QMON ]@..- ﬂ/ @ Thu Jun 5. 5:09 PM

Screenshot 4.6 soft queue list in the advanced tab at job submission window

4.6 Job Submission through DRMAA Job Submitter

This section of the chapter shows that how the job is submitted through the DRMAA
Job Submitter that has been developed as a solution of the problem discussed in this
thesis work. The job category and the path of the job script are taken as an input from
the user. The job submitter is developed using NetBeans 5.5 IDE, the screenshot 4.7

shows the inputs taken from the user.
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NetBeans IDE 5.5 - jobSubmitter

File Edit ‘“iew Mavigste Source Refactor Build Run CVS Tools Window Help

Projects

s El : @’“‘EJobSubmmer.Java x
¢ £ JobSubmi

& Mavigator

0 0 4
¢ & Source
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1 @’ | & Sources | Iain Class: ‘com.sun il e S ‘
o @ Libraries e~
o= @ & © Buld Arguments: ‘ca13 Jfexporthome/n1 g Isimple.sh \\
o [ TestPa @ Compli &
e tirgiecty oo,
o~ B Librarie . Working Directory: \ ‘ W
o [ TestLin < Documenting WM Options: |-Diava fbrary path=Docents ib/sal-x88 |
@ @ (e.g. -Xms10m)

Inputs taken from
the user

| QK H Cancel H Help |

10:37 IN3
| @JUni{ Test Results ‘ ‘ @Usages ‘ ‘ EOU{put | | @Reladm ing |

Finished building JobSubmitter (run) @

jaua“} La unch% Elﬂ NetBeans \Dli‘-} [Terminall ]D OMON +++ ]U QMON +++ ]E.-. ﬂ/ @ Thu Jun 5, 4:45 PV E

Screenshot 4.7 Input taken from the user for DRMAA job Submitter

The DRMAA Job Submitter shows a message of successful job submission to the
DRMS with job id, which has been assigned by SGE to it. After the parameters
related to the job are collected and the job is finished, these parameters and the
finished job status message are shown as an output of the job submitter. Screenshot
4.8 shows the parameters related to the job. The Start Time and the Submit Time of
the job are noted down to calculate the Scheduling Time of the job submitted through
DRMAA job Submitter. The Start Time and Submit Time parameters are shown in the

output screen of the NetBeans IDE on the successful completion of the job.
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NetBeans IDE 5.5, - JobSubmitter;

Flle Edlit
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Projects
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iow=0.0000

£4574.0000

Submission Time

of the job

Start Time of the
job

La]

aAneT
| @Junn Test Resutts ‘ ‘ @\Usages ‘ ‘ Eoutput | | @.,Refadonng |

Finished building JobSubmitter (run)

&

Java“J Launch %

E[a NetBeans

\DIQ [Terminall ID GQMON +++ ][] QMON +-4++ ”:-- ﬁ/ @ Thu Jun 5. 4:47 PME

Screenshot 4.8 Output screen on the successful completion of the job submitted

through DRMAA Job Submitter
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Chapter 5

Experimentation and Results

5.1 Assumptions and Details of Experiments
This chapter discusses the assumptions taken for the experiments that are done and

the details of how the experiments are performed for comparative study of the QMON

and DRMAA job Submitter.

5.1.1 Assumptions for Experiments
As the purpose of this thesis work is Performance Optimization of SGE using
DRMAA on the basis of scheduling time taken by the job submitter to schedule the
job therefore some assumptions are taken for the purpose of experimentation. The
assumptions that are taken are listed below:
¢ For experimental purposes it is assumed that the queue list at the remote
resource site is always available and job does not have to wait for queue to
finish the pending jobs because in that case waiting time shall be added to
the scheduling time of the job, which would not give the exact data that is
needed for comparative study.
e The job category definitions are kept same for all remote resource sites to
strengthen the comparative study based on the results that are obtained,
however they can be changed without affecting the performance of the

system.

5.1.2 Details of Experiments
Taking care of the assumptions that are described in the above section of this chapter,
the details of experiments performed for showing the Performance Optimization of

SGE using DRMAA on the basis of scheduling time of job are described here.

As discussed earlier three job categories, categoryl, category2 and category3 are
defined for three remote resource site hosts named tietgrid01, tietgrid02 and tietgrid8
respectively and three job scripts named simple.sh, sleeper.sh and prime.sh are taken

for experiments.
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I. A job is submitted to each resource category site from a submit host using

QMON and DRMAA Job Submitter

II. TIts submit time and start time are noted down to calculate the scheduling time
taken by the job.

III. The above process is repeated for each of the three job scripts being submitted
to different resource category sites from a submission host.

IV. This is done several times to get an average scheduling time of each job for a
particular resource category site submitted by a submission host.

V. The average scheduling time obtained for each job script being executed on
different job category sites submitted through QMON and DRMAA Job
Submitter are compared to show the Performance Optimization that has been

achieved by DRMAA Job Submitter over QMON.

The above steps can be better explained by taking a real life example. The job script
prime.sh is submitted from a submission host tietgrid8 to remote resource site
categoryl through QMON by specifying it in soft queue list and through DRMAA
Job Submitter by just asking the user the job category. Then the scheduling time for
both the job submitters are calculated for comparison. The above procedure is
repeated several times and average scheduling time in each of the case for QMON and

DRMAA Job Submitter is considered for obtaining the final results and comparisons.

5.2 Analysis of Job Submission though QMON

Each job script prime.sh, simple.sh and sleeper.sh is submitted to predefined resource
category sites categroryl, category2 and category3 from the submission host tietgrid8
through QMON and the average Scheduling Time is calculated by taking difference of

Submit Time and Start Time. The results obtained are shown in following tables.

These results are to be compared with the results obtained from DRMAA Job

Submitter.
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Sr. no. Submission Time Start Time Seheduling Time
in seconds

1. 12:06:45 12:06:55 10

2. 12:08:05 12:08:10 5

3. 12:16:01 12:16:10 9

4. 12:17:13 12:17:25 12

5. 12:27:53 12:27:55 2

6. 12:35:27 12:35:40 13

7. 12:44:35 12:44:40 5

8. 12:53:36 12:53:40 4

9. 12:54:16 12:54:25 9

10. 13:02:21 13:02:25 4

11. 13:03:17 13:03:25 8

12. 13:12:02 13:12:10 8

13. 13:12:34 13:12:40 6
Average Job Scheduling Time 7.3

Table 5.1 Results obtained for job script “prime.sh” submitted to Resource Job

Category Site “Categoryl” through QMON
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Sr. no. Submission Time Start Time Scheduling Time
in seconds

1. 12:21:45 12:21:53 8

2. 12:32:13 12:32:23 10

3. 12:34:04 12:34:08 4

4. 12:46:20 12:46:23 3

5. 12:47:40 12:47:53 13

6. 13:14:17 13:14:23 6

7. 13:23:56 13:24:08 12

8. 13:29:17 13:29:23 6

9. 13:33:51 13:33:53 2

10. 13:38:12 13:38:23 11

11. 13:44:14 13:44:23 9

12. 13:47:38 13:47:53 5

13. 13:53:33 13:53:38 5

14. 13:57:07 13:57:08 1
Average Job Scheduling Time 6.7

Table 5.2 Results obtained for job script “prime.sh” submitted to Resource Job

Category Site “Category2” through QMON
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Sr. no. Submission Time Start Time Scheduling Time
in seconds
L. 12:16:24 12:16:38 14
2. 16:15:42 16:15:53 12
3. 16:37:56 16:38:08 12
4. 16:48:23 16:48:38 15
5. 16:15:12 16:15:23 11
6. 17:34:30 17:34:38 8
7. 17:49:54 17:50:08 14
8. 11:10:45 11:10:56 11
9. 11:21:48 11:21:56 8
10. 12:05:08 12:05:20 12
Average Job Scheduling Time 10.6

Table 5.3 Results obtained for job script “prime.sh” submitted to Resource Job

Category Site “Category3” through QMON
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Sr. no. Submission Time Start Time peediting e
in seconds

1. 11:33:35 11:33:40 5

2. 11:34:15 11:34:25 10

3. 11:34:50 11:34:55 5

4. 11:35:18 11:35:25 7

5. 11:36:11 11:36:25 14

6. 11:36:57 11:37:10 13

7. 11:37:35 11:37:40 5

8. 11:38:42 11:38:55 13

9. 11:40:44 11:40:55 10

10. 11:41:46 11:41:55 9

11. 11:42:18 11:42:25 7
Average Job Scheduling Time 8.8

Table 5.4 Results obtained for job script “simple.sh” submitted to Resource Job

Category Site “Categoryl” through QMON
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Sr. no. Submission Time Start Time Scheduling Time
in seconds

1. 11:34:40 11:34:53 13

2. 11:35:25 11:35:38 13

3. 11:36:46 11:36:53 7

4. 11:37:26 11:37:38 12

5. 11:45:14 11:45:23 9

6. 11:50:46 11:50:53 7

7. 11:52:11 11:52:23 12

8. 11:53:42 11:53:53 11

9. 11:56:13 11:56:23 10

10. 11:58:44 11:58:53 9

11. 11:59:29 11:59:38 9

12. 12:00:18 12:00:23 5
Average Job Scheduling Time 9.5

Table 5.5 Results obtained for job script “simple.sh” submitted to Resource Job

Category Site “Category2” through QMON
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Sr. no. Submission Time Start Time Scheduling Time
in seconds

1. 13:12:54 13:13:01 7

2. 13:13:56 13:14:01 5

3. 13:15:34 13:15:46 12

4. 13:17:35 13:17:46 11

5. 13:19:06 13:19:16 10

6. 13:19:08 13:19:16 8

7. 13:22:51 13:23:01 10

8. 13:23:53 13:24:01 8

9. 13:24:34 13:24:46 12

10. 13:26:08 13:26:16 10

11. 13:27:10 13:27:16 6

12. 13:27:52 13:28:01 9

13. 13:28:27 13:28:31 4
Average Job Scheduling Time 8.6

Table 5.6 Results obtained for job script “simple.sh” submitted to Resource Job

Category Site “Category3” QMON
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Sr. no. Submission Time Start Time Sl e
in seconds

1. 17:30:11 17:30:20 9

2. 17:31:06 17:31:20 14

3. 17:32:23 17:32:35 12

4. 17:33:54 17:34:05 11

5. 17:34:43 17:34:50 7

6. 17:36:14 17:36:20 6

7. 17:37:09 17:39:20 11

8. 17:37:54 17:38:05 11

0. 17:39:38 17:39:50 12

10. 17:40:59 17:41:05 6

11. 17:41:06 17:41:20 14

12. 17:42:10 17:42:20 10

13. 17:42:45 17:42:50 5

14. 17:43:56 17:44:05 9
Average Job Scheduling Time 9.7

Table 5.7 Results obtained for job script “sleeper.sh” submitted to Resource Job

Category Site “Category1” through QMON
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Sr. no. Submission Time Start Time S I
in seconds

1. 10:55:54 10:56:08 14

2. 10:57:19 10:57:23 4

3. 10:58:29 10:58:38 9

4. 10:59:15 10:59:23 8

5. 11:00:28 11:00:38 10

6. 11:01:09 11:01:23 14

7. 11:02:05 11:02:08 3

8. 11:02:33 11:02:38 5

9. 11:03:53 11:04:08 15

10. 11:04:41 11:04:53 12

11. 11:05:26 11:05:38 12

12. 11:07:02 11:07:08 6
Average Job Scheduling Time 8.8

Table 5.8 Results obtained for job script “sleeper.sh” submitted to Resource Job

Category Site “Category2” through QMON
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Sr. no. Submission Time Start Time Seheduling Time
in seconds
1. 11:53:34 11:53:47 13
2. 12:00:06 12:00:17 11
3. 12:01:39 12:01:47 8
4. 12:04:24 12:04:32 8
5. 12:05:47 12:06:02 15
6. 12:07:20 12:07:32 12
7. 12:09:32 12:09:47 15
8. 12:15:06 12:15:17 11
9. 12:16:32 12:16:47 15
10. 12:17:53 12:18:02 9
11. 12:20:21 12:20:32 11
12. 12:23:51 12:24:02 11
Average Job Scheduling Time 10.3

Table 5.9 Results obtained for job script “sleeper.sh” submitted to Resource Job

Category Site “Category3” through QMON
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The results shown in Table 5.10 are based on the data shown in Tables 5.1 - 5.9.

Average Scheduling Time In Seconds (QMON)
Job Category
Job Script Categorvi Category2 Categoryv3
prime.sh 7.3 6.7 10.6
simple.sh 8.8 9.5 8.4
sleeper.sh 9.7 8.8 10.3

Table 5.10 Average Job Scheduling Time of jobs submitted through QMON

5.3 Analysis of Job Submission through DRMAA Job Submitter

The each job scripts prime.sh, simple.sh and sleeper.sh are submitted to predefined
resource category sites categroryl, category2 and category3 from the submission host
tietgrid8 through DRMAA Job Submitter and the average Scheduling Time is
calculated by taking difference of Submit Time and Start Time. The results obtained

are shown in the following tables.

Average Scheduling Time In Seconds (DRMAA Job Submitter)

Job Category
Job Seript Categoryl CategoryZ Category3

prime.sh 5.7 5.2 9.1
simple.sh 4.3 4.1 33
sleeper.sh 6.1 4.6 6.3

Table 5.11 Average Scheduling Time of jobs submitted through DRMAA Job
Submitter
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The results shown in Table 5.11 are based on results shown in Tables 5.12 —5.20

Sr. no. Submission Time Start Time Scheduling Time
in seconds

1. 15:11:22 15:11:29 7

2. 15:12:09 15:12:14 5

3. 15:20:44 15:20:59 5

4. 15:21:11 15:21:14 3

5. 15:30:07 15:30:14 7

6. 15:30:23 15:30:29 6

7. 15:40:35 15:40:44 9

8. 15:40:58 15:40:59 1

0. 10:47:37 10:47:41 4

10. 10:56:33 10:56:41 8

11. 10:56:37 10:56:41 4

12. 11:10:25 11:10:26 1

13. 11:10:31 11:10:41 10

14. 11:24:46 11:24:56 10
Average Job Scheduling Time 4.6

Table 5.12 Results obtained for job script “prime.sh” submitted to Resource Job

Category Site “Category1” through DRMAA Job Submitter
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Sr. no. Submission Time Start Time Scheduling Time
in seconds
1. 14:02:47 14:02:53 6
2. 14:06:04 14:06:08 4
3. 14:12:35 14:12:38 3
4. 14:17:15 14:17:23 8
5. 14:23:00 14:23:08 8
6. 14:27:00 14:27:08 8
7. 14:31:52 14:31:53 1
8. 15:02:34 15:02:38 4
9. 15:09:36 15:09:38 2
10. 15:11:31 15:11:38 7
11. 15:19:16 15:19:23 7
Average Job Scheduling Time 5.2

Table 5.13 Results obtained for job script “prime.sh” submitted to Resource Job

Category Site “Category2” through DRMAA Job Submitter
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Sr. no. Submission Time Start Time Scheduling Time
in seconds

1. 12:28:07 12:28:20 13

2. 12:49:12 12:49:20 8

3. 12:49:57 12:50:05 8

4. 13:19:47 13:19:50 3

5. 15:46:25 15:46:35 10

6. 15:50:51 15:51:05 14

7. 15:58:07 15:58:20 13

8. 16:04:16 16:04:20 4

9. 16:07:31 16:07:35 4

10. 16:15:52 16:16:05 13

11. 16:19:37 16:19:50 13

12. 16:26:43 16:26:50 7

13. 16:31:18 16:31:20 2
Average Job Scheduling Time 9.1

Table 5.14 Results obtained for job script “prime.sh” submitted to Resource Job

Category Site “Category3” through DRMAA Job Submitter
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Sr. no. Submission Time Start Time seediting e
in seconds
L. 11:45:06 11:45:10 4
2. 11:45:38 11:45:40 2
3. 11:46:17 11:46:25 8
4. 11:47:38 11:47:40 2
5. 11:48:19 11:48:25 6
6. 11:48:49 11:48:55 6
7. 11:49:19 11:49:25 6
8. 11:50:05 11:50:10 5
9. 11:52:06 11:52:10 4
10. 11:52:34 11:52:40 6
11. 11:53:07 11:53:10 3
12. 11:54:06 11:54:10 4
13. 11:54:39 11:54:40 1
Average Job Scheduling Time 4.3

Table 5.15 Results obtained for job script “simple.sh” submitted to Resource Job
Category Site “Categoryl” through DRMAA Job Submitter
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Sr. no. Submission Time Start Time pereCinE e
in seconds

1. 12:10:51 12:10:53 2

2. 12:11:16 12:11:23 5

3. 12:12:51 12:12:53 2

4. 12:14:14 12:14:23 9

5. 12:14:48 12:14:53 5

6. 12:15:21 12:15:23 2

7. 12:15:47 12:15:53 6

8. 12:16:21 12:16:23 2

9. 12:16:49 12:16:53 4

10. 12:17:22 12:17:23 1

11. 12:17:51 12:17:53 2

12. 12:18:18 12:18:23 5

13. 12:18:44 12:18:53 9
Average Job Scheduling Time 4.1

Table 5.16 Results obtained for job script “simple.sh” submitted to Resource Job

Category Site “Category2” through DRMAA Job Submitter
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Sr. no. Submission Time Start Time Scheduling Time
in seconds

1. 13:32:27 13:32:31 4

2. 13:33:00 13:33:01 1

3. 13:33:39 13:33:46 7

4. 13:34:59 13:35:01 2

5. 13:35:28 13:35:31 3

6. 13:35:58 13:36:01 3

7. 13:36:29 13:36:31 2

8. 13:37:42 13:37:46 4

9. 13:38:13 13:38:16 3

10. 13:38:44 13:38:46 2

11. 13:40:25 13:40:31 6
Average Job Scheduling Time 33

Table 5.17 Results obtained for job script “simple.sh” submitted to Resource Job

Category Site “Category3” through DRMAA Job Submitter
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Sr. no. Submission Time Start Time Seediing Hime
in seconds

1. 17:47:14 17:47:20 6

2. 17:47:54 17:48:05 11

3. 17:50:02 17:50:05 3

4. 17:50:47 17:50:50 3

5. 17:51:19 17:51:20 1

6. 17:53:02 17:53:05 12

7. 17:56:55 17:56:05 3

8. 17:56:55 17:57:05 10

0. 17:58:32 17:58:35 3

10. 17:59:09 17:59:20 11

11. 18:00:46 18:0050 4

12. 18:02:40 18:00:50 10
Average Job Scheduling Time 6.1

Table 5.18 Results obtained for job script “sleeper.sh” submitted to Resource Job

Category Site “Categoryl” submitted through DRMAA Job Submitter
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Sr. no. Submission Time Start Time pereCinE e
in seconds
1. 11:09:34 11:09:38 4
2. 11:10:21 11:10:23 2
3. 11:10:52 11:10:53 1
4. 11:22:15 11:22:23 8
5. 11:23:01 11:23:08 7
6. 11:23:49 11:23:53 4
7. 11:24:18 11:24:23 5
8. 11:25:35 11:25:38 3
9. 11:30:01 11:30:08 7
10. 11:30:36 11:30:38 2
11. 11:31:15 11:31:23 8
Average Job Scheduling Time 4.6

Table 5.19 Results obtained for job script “sleeper.sh” submitted to Resource Job

Category Site “Category2” submitted through DRMAA Job Submitter
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Sr. no. Submission Time Start Time Seediting e
in seconds
1. 11:30:57 11:31:02 5
2. 11:35:42 11:35:47 5
3. 11:38:42 11:38:47 5
4. 11:39:57 11:40:02 5
5. 11:40:53 11:41:02 9
6. 11:42:10 11:42:17 7
7. 11:44:39 11:44:47 8
8. 11:45:56 11:46:02 6
9. 11:48:40 11:48:47 7
10. 11:50:09 11:50:17 8
Average Job Scheduling Time 6.5

Table 5.20 Results obtained for job script “sleeper.sh” submitted to Resource Job

Category Site “Category3” submitted through DRMAA Job Submitter
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This section shows the results obtained from the experiments that are performed. The

results and the graphs clearly show the improvement in scheduling time of the job

compared to QMON and DRMAA Job Submitter.

Performance Optimization on “prime.sh” Job Script

Job Category

Scheduling Time
in sec. (QMON)

Scheduling Time
in sec. (DRMAA
Job Submitter)

Difference
(Improvement in
Scheduling Time)

Category1 7.3 5.7 1.6
Category2 6.7 5.2 1.5
Category3 10.6 9.1 1.5

Table 5.21 Scheduling Time for “prime.sh” on different Job Category Sites

Job Script "prime.sh" submitted to different Job Categories
through DRMAA Job Submitter & QMON

12 q
11
10 /’
9 *
8 s
gl =
L 6 P
o > — — _ __ 7
E 5 ==
F oy
3
2
1
O Ll L) L]
Category1 Category2 Category3

Job Category

—a— QMON
— &— DRMAA Job Submitter

Graph 5.1 Improvements in Scheduling Time for “prime.sh”
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Performance Optimization on “simple.sh” Job Script
. L Difference
. s Scheduling Time in
Scheduling Time in (Improvement
el (i ) sec. (QMON) sec. (DRN.IAA S in Scheduling
Submitter) .
Time)

Category1 8.8 4.3 4.5
Category2 9.5 4.1 5.4
Category3 8.4 3.3 5.1

Table 5.22 Scheduling Time for “simple.sh” on different Job Category Sites

Time (sec.)

Job Script "simple.sh” submitted to different Job Categories
through DRMAA Job Submitter & QMON

10 1
9 -4.?,%
8
7
: e avon
4 *~——_—_ S — o— DRMAA Job Submitter
3 — —e
2
1
0 L} L] 1
Category1 Category2 Category3

Job Category

Graph 5.2 Improvements in Scheduling Time for “simple.sh”
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Performance Optimization on “sleeper.sh” Job Script
. - Difference
. . Scheduling Time
Scheduling Time in - (Improvement
Job Category in sec. (DRMAA : .
sec. (QMON) Job Submitter) in Schedullng
Time)
Category1 9.7 6.1 3.6
Category2 8.8 4.6 4.2
Category3 10.3 6.5 3.8

Table 5.23 Scheduling Time for “sleeper.sh” on different Job Category Sites

Time(sec.)

Job Script "sleeper.sh” submitted to different Job Categories
through DRMAA Job Submitter & QMON

—_
—_
I

10 .\ // a
9 —
8
J =
6 — — _ a— QMON
— —
5 = ——— — e— DRMAA Job Submitter
4
3
2
1
0 T T 1
Category1 Category2 Category3

Job Category

Graph 5.3 Improvements in Scheduling Time for “sleeper.sh”
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Chapter 6
Conclusion and Future Work

This thesis work has given an insight of grid computing and the role played by the
middleware in the working of a grid. It is evident from this thesis work that job
submission portals or the interfaces if developed and used efficiently can be used to

improve the performance of the middleware.

6.1 Conclusion

In this thesis multiple aspects of a job submitter interface are discussed and the focus
has been on improving the performance of SGE using DRMAA. The successful
development and implementation of a DRMAA Job Submitter has helped to
overcome the problems and limitations of QMON such as, not being able to know the
resource requirement of job at the time of submission and submit the job to a

predefined particular resource job category.

As a proposed solution of the problems observed a new job submitter has been

developed, which improves the performance of the middleware SGE.

The new job submitter for SGE has been developed using Distributed Resource
Management Application API (DRMAA) with Java Bindings. It has been successfully
implemented and experiments performed on it show the improvements in job

scheduling time.

The scheduling time of the job submitted through QMON and DRMAA Job Submitter
is compared and graphs generated show the improvements in the performance based

on the job scheduling time.

6.2 Future Scope

Improvement in the performance of the system is always desirable and it has been

achieved in this thesis work. The performance of the middleware can be further
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improved and the Job Submitter can be further enhanced by:

® Including job submission for parallel jobs.

¢ Adding bulk job submission option to it.

® Rescheduling the job to other job category sites if the resource category site is
not available.

¢ Including some mechanism that a job does not have to die, starving to get

resources.
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Appendix — A
Installation of Sun N1 Grid Engine

1. Install Solaris 10

2. Create the installation directory as sge-root in which contents of the distribution

media will be loaded.

3. Install the binaries for all binary architectures that are to be used by any of your

master, execution, and submit hosts in your grid engine system cluster.

The pkgadd Method

The pkgadd format is provided for the Solaris Operating System. To facilitate

remote installation, the pkgadd directories are also provided in zip files.

Install the following packages:

_ SUNWsgeec — Architecture independent files

_ SUNWsgeed — Documentation

_ SUNWsgee — Solaris (SPARC platform) 32-bit binaries for Solaris 7, Solaris 8,

and Solaris 9 Operating Systems

_ SUNWsgeex — Solaris (SPARC platform) 64-bit binaries for Solaris 7, Solaris 8§,

and Solaris 9 Operating Systems

_ SUNWsgeei — Solaris (x86 platform) binaries for Solaris 8 and Solaris 9

Operating Systems

_ SUNWsgeeax - Solaris (x64 platform) binaries for Solaris 10 Operating System

_ SUNWsgeea - Accounting and Reporting Console (ARCo) packages for the

Solaris and Linux Operating systems.
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At the command prompt, type the following commands, responding to the script

questions.

# cd cdrom_mount_point/N1_Grid_Engine_6u4

# pkgadd -d ./Common/Packages/SUNWsgeec

# pkgadd -d ./Docs/Packages/SUNWsgeed

# pkgadd -d ./Solaris_sparc/Packages/SUNWsgee

# pkgadd -d ./Solaris_sparc/Packages/SUNWsgeex

# pkgadd -d ./Solaris_x86/Packages/SUNWsgeei

# pkgadd -d ./Solaris_x64/Packages/SUNWsgeeax

4. Install Grid Engine software interactively.

Install Master host

1. Log in to the master host as root.

2. Ensure that the $SSGE_ROOT environment variable is set by typing:

# echo $SGE_ROOT

e If the $SSGE_ROOT environment variable is not set, set it now, by typing:

# SGE_ROOQOT=sge-root; export SGE_ROOT

3. Change to the installation directory.

e If the directory where the installation files reside is visible from the master
host, change directories (cd) to the installation directory sge-root, and then
proceed to Step 4.

e If the directory is not visible and cannot be made visible, do the following:

a. Create a local installation directory, sge-root, on the master host.
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b. Copy the installation files to the local installation directory sge-root across

the network (for example, by using ftp or rcp).

c. Change directories (cd) to the local sge-root directory.

4. Type the install_gmaster command.

This command starts the master host installation procedure. We are asked

several questions, and may need to run some administrative actions.

% ./install_gmaster

5. Choose an administrative account owner.

sgeadmin.

6. Verify the sge-root directory setting.

7. Enter the name of your cell.

CoEPDC

8. Specify a spool directory.

/opt/n1ge6/default/spool/qmaster is the gmaster spool directory by default

9. Specify whether you want to use classic spooling or Berkeley DB.

10. Enter a group ID range 20000-20100

11. Verify the spooling directory for the execution daemon.

Default: [/opt/n1ge6/default/spool]

12. Enter the email address of the user who should receive problem reports.

msingh @thaper.edu

13. Identify the hosts that you will later install as execution hosts.
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Install Execution host

1. Log in to the execution host as root.

2. As you did for the master installation, either copy the installation files to a local

installation directory sge-root or use a network installation directory.

Also copy the cell name (CoEPDC) folder, lib and util folder from the system

where master host was installed.

3. Ensure that you have set the $SGE_ROOT environment variable by typing:

# echo $SGE_ROOT

If the $SGE_ROOT environment variable is not set, set it now, by typing:

# SGE_ROQT=sge-root; export SGE_ROOQOT

4. Change directory (cd) to the installation directory, sge-root.

5. Verify that the execution host has been declared on the administration host.

# qconf -sh

6. Run the install_execd command.

% ./install_execd

This command starts the execution host installation procedure.

7. Verify the sge-root directory setting.

8. Enter the name of your cell. CoOEPDC

9. The install script checks to see if the admin user already exists. If the admin user
already exists, the script continues uninterrupted otherwise the script shows a
screen where you must supply a password for the admin user. After the admin user

is created, press Enter to continue with the installation.
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10. Specify whether you want to use a local spool directory.

11. Specify whether you want execd to start automatically at boot time.

12. Specify a queue for this host.
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Appendix - B

Using DRMAA with NetBeans 5.x

To use the DRMAA classes with your NetBeans 5.0 or 5.5 project, follow these

steps:

1.

Click mouse button 3 on the project node and select Properties.

2. Determine whether your project generates a build file or uses an existing file.

If your project uses a generated build file:

a. Select Libraries in the left column.

b. Click Add Library.

c. Click Manage Libraries in the Libraries dialog box.

d. Click New Library in the Library Management dialog box.

e. Type DRMAA in the Library Name field in the New Library dialog

box.

" "WetBeans IDE 5 5 - JobSubmitter

file Edt View WNavigate Sourcs Refactor Buld Run CVS

=y

Tools wWindow Help

s pla e b | @

Categor
>
>
@
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& Class Libraries
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‘B Copylibs Task
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‘B DRMAs
‘B JAX-RPC1.6

o & @
o 3 TestPa
o 6@ Librarie:
o= @ TestLin

B JANWS 20
T JAXB 20
B JSF11

B JSTL1A
B dunit

B Struts 1289

‘B TopLink Essentials

B Swing Layeut Extend

e

| Liprary Name: | absolute Layout

Classpath | Sources | Javadoc

0 .

Library Classpath:

lfoptinetbeans -5 Side7 imodules jexti/AbsoluteLayout

New Library.

[oRMAA |

Library Mame:

Acdld JARFolder

‘Class Libraries

Library Type

Sapcsl

1
10:37 INS

| 55 Junit Test Resutts | ‘ [2 Usages | ‘ [ output | | [B, Refact

B

[l

Finished building JobSubmitter (run).

Java"] Launch A)%)

f. Click OK to dismiss the New Library dialog box.
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g. Click Add JAR/Folder.

h. Browse to the sge-root/lib directory in the file chooser dialog box and

select the drmaa.jar file.

NetBeans IDE 5.5 - JobSubmitter
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i. Click Add JAR/Folder to dismiss the file chooser dialog box.
j- Click OK to dismiss the Library Management dialog box.

k. Select the DRMAA library and click Add Library to dismiss the

Libraries dialog box.
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NetBeans IDE 5.5 - JohSubmitter
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¢ If your project uses an existing build file:

a. Select Java Sources Classpath in the left column.

b. Click Add JAR/Folder.

c. Browse to the sge-root/lib directory in the file chooser dialog box and

select the drmaa.jar file.

d. Click Choose to dismiss the file chooser dialog box.

3. Click OK to dismiss the properties dialog box.
4. Verify that the DRMAA shared library is in the library search path.

To run your application from NetBeans, the DRMAA shared library file sge-
root/lib/arch/libdrmaa.so must be included in the Ilibrary search path
(LD_LIBRARY_PATH on the Solaris Operating Environment and Linux). The

sge-root/lib/larch directory is not included automatically when you set your
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environment using the settings.sh or settings.csh files.To set up the path for the

shared library, perform one of the following:

e Set up your environment in the shell before launching NetBeans.
e Add to thenetbeans-rootf/etc/netbeans.conf file to set up the environment,

such as:
# Setup environment for SGE
. <sge-root>/<sge_cell>/common/settings.sh
ARCH=‘$SGE_ROOT/util/arch’
LD_LIBRARY_PATH=$SGE_ROOT/lib/SARCH; export LD_LIBRARY_PATH
Running Your Java Application
To run your compiled DRMAA application, verify the following:

e The sge-root/lib/arch directory must be included in the library search path
(LD_LIBRARY_PATH on the Solaris Operating Environment and Linux).
The sge-root/lib/arch directory is not included automatically when you set
your environment using the settings.sh or settings.csh files.

®  You must be logged into a machine that is an N1 Grid Engine submit host. If
the machine is not an N1 Grid Engine submit host, all DRMAA method calls

will fail, throwing a

DrmCommunicationException.
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