Distributed Application Management using Jini
Connection Technology

The Jin[0 Technology Enabled Applications Manager provides a
framework, utilizing Jinid and JavaSpacEs technologies, for
selecting and submitting native (i.e. not Javdaechnology based)
applications onto one of a set of compute resources, and for
monitoring and controlling the resultant running jobs. The
applications, compute resources, and running jobs are abstracted as
Jini services.

The architecture illustrates the effectiveness of the litéchnology
service model for abstracting both hardware (compute resources) and
software (applications) as services on a network.
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Introduction

The Applications Manager (hereafter called "JAM", for Jobs & Applications Manager) is
a tool for selecting and submitting applications onto one of a set of compute resources
and monitoring and controlling the resultant running jobs. The applications, compute
resources, and running jobs are reflected aSlJaginnection technology services. JAM
targets High Performance Computing (HPC) applications, which generally consist of
native (not Javid technology baséjl compute—intensive codes. These codes generally
run on one machine or a cluster of machines with each such compute resource abstracted
at the Jini service level as one or magaeue servicethat interact with an underlying
native resource management system (RMS) such das &uid Engine or Platform
Computing’s LSF. These queue services reflect the queue structure of the underlying
resource management systems.

The JAM architecture has been developed as part of a collaborative effort between Sun
Microsystems and the Swiss Center for Scientific Computing.

This paper presents an overview of the requirements for JAM along with a description of
the JAM architecture.

Goals and Objectives

The JAM architecture provides a framework within which applications can be selected,
launched, monitored and controlled in a unified manner, independent of the application
or the properties of the compute resources and their respective resource management
systems.

JAM can also be thought of as implementing aspectsadtabuted resource

management systenht provides a mechanism whereby a user can select an application
from among a well-known set, and based on resource requirements both intrinsic to the
application as well as supplied externally by the user, be presented with a list of
candidate queues to which the user can choose to submit the application for execution.
These JAM queues are associated with underlying computational resources that are
themselves managed by native resource management systems. These computational
resources are likely to be distributed both geographically and organizationally. Once the
application has been queued to the underlying resource management system and it has
launched their job, the JAM architecture allows that job to be monitored and controlled.
This is all accomplished within JAM’s unified framework.

This unifying framework provides a computing environment within which users are
provided a simple, yet effective method for selecting from a set of available compute
resources to run their applications. In addition, once a compute resources has been
selected users are not exposed to the vagaries of the potentially differing resource

1 There is nothing in the architectureJéfM that sgcifically rules out its use for Java—based jobs,
though some optimizations would be logical to consider for remote submission of such jobs (e.g.
utilizing Java’s dynamic classloading to make the code available at the target machine). We have not
specified or implemented any such optimizations.
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management systems controlling those resources. In essence, JAM allows users to utilize
a set of potentially heterogeneous compute resources by presenting a resource
independent, application level interface to the user.

Base Technologies

The two key technologies exploited in the JAM architecture arel Jmchnology and
JavaSpacés technology. We discuss here only those salient features of these
technologies that are helpful to understanding the architecture of JAM.

Jinid Connection Technology

Given the distributed nature of JAM, it seems natural to take advantage of the distributed
service model provided by Jinitechnology as the key abstraction for applications, jobs,
and compute resources to allow these objects to register and interact with each other.
The use of the Jihi service model for interacting with application, queues and jobs
provides the following benefits:

e The Jintd distributed model meshes well with the distributed nature of JAM’s
applications and compute resources

e The Jind discovery model allows applications, compute resources, and jobs to be
dynamic; changes in their state are spontaneously reflected in the lookup service

e The Jind infrastructure provides the necessary robustness and error models needed in
a distributed system like JAM

An important aspect of Jini technology is theervice proxy modelWhen a service

backend registers itself with a Jinilookup service, part of what is registered is a

service proxybject. This service proxy is downloaded to the client performing a lookup
for the service. The proxy contains the code which implements the interface between the
client and the service: the client’s sole interaction with the service is via this service
proxy. Another way to think of this is that the service provides its own driver, which is
downloaded on demand and instantiated in the client.

Depending on the design of the particular service, the service proxy may or may not
communicate with its service’s back end, or other remote objects. The client doesn’t
know or care about this; it represents implementation details of the service.

JavaSpacesl] Technology

JAM also makes extensive use of JavaSpadeshnology for handling and keeping

track of submitted jobs as they progress through their life cycle. JavaSpaces
technology provides a shared object store, along with notification capabilities, to provide
a framework supporting loosely cooperating, distributed programming. This maps well
to the distributed way in which JAM jobs are launched, monitored and controlled.
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JavaSpacés services are Jil services, and implementations are provided as part of
the JinlJ technology SDK from Sun. We utilize a private instantiation of a persistent
JavaSpacés service implementation which we ternd@b Repository

JAM Architecture

We now describe the architectural components of JAM. First, we describe the services
which make up the core of JAM: applications, queues, jobs and the Job Repository
(JavaSpaces service). We then discuss the supporting components of the architecture,
including the client-side code that integrates it all. Figure 1 shows a high-level
overview of JAM’s various components.

<—— App. Service
I Java“/Jini™
: NWpper
Sun™ Grid

C/IC++
ne

Figure 1: Overall JAM Architecture
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Applications

There are two classes of applications supported by JAM.

Pre-registered applications: These are specific applications that have hladelvice
wrappers generated for them, and that have been made known to JAM. For example, a
commercial HPC code (NASTRAN, ANSYS, etc.) could have alservice wrapper

written for it, making it available to submit via JAM.

User—defined application: This class represents applications which are specified by the
user via a template that is registered with JAM.

There is a Jiril service associated with the user—defined application, as well as one for
each pre-registered application. The entirety of the application service is implemented
within its service proxy. There is only a skeletal service back end for handling

registration, leasing and administrative duties.

Registered applications are made available for selection by the user, as shown in Figure

2.

App Selection

Panel
App 1 Proxy
Select One:
Application 1
Application 2 App 2 Proxy <«—
User Defined
UD Proxy ¢

e Client does lookup of all Application

types

e Provides selectable list for user

e User makes a selection

Application 1

Application 2

User Defined

Queue A

Queue B

Queue C

® Queue Service does lookup of
JavaSpaces service; includes

reference in registered Queue proxy

Figure 2: Queue service registration; Application Selection
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Each application service includes a user interface pane for entering application and
resource parameters. The application parameters include those which are application—
specific, and therefore different for each registered application, and those which are
application—independent and common to all applications in JAM. Applications can
provide their own hard—coded values for any of the application—independent parameters,
in which case, the user is not able to set or change the value.

The resource parameters are independent of both applications and resource managers;
they represent attributes that are abstracted by all registered queue services, including
both queue—- and machine-level attributes.

Included within each application’s proxy is an Application Agent. Its function is to
perform filtering and optional ranking of the available queue services. There are two
levels of filtering supported by the agent. The first utilized Ditgchnology’s attribute—
matching lookup semantics to filter available queues based on the resource parameters
entered by the user into the application service’s user interface pane. The second,
optional method involves application—specific evaluation code for further refining and
ranking candidate queue services. This evaluation code is written to an Application
Agent repository and run within the back—end of each queue service, providing an
application—specific method for intelligent queue filtering and ranking. Since this code
is run within the context of each queue service’s back-end, it enables different filtering
and ranking semantics (e.g. range checking) than is possible with standardtiiitoute
matching.

This queue filtering occurs dynamically. As the user enters resource parameters, the list
of candidate queue services being displayed is updated to match. Conversely, if the
status of a queue service changes (either due to a change in value of one of its service
attributes, or due to the service itself being removed or added) the queue service list is
adjusted as appropriate to reflect this new information. This functionality is provided by

the Jind infrastructure.

Job Repository JavaSpaces [ Service

The Job Repository is central to the architecture of both queue services and job services.
All aspects of job submission, monitoring and control are handled through interactions
with this private JavaSpadésservice instantiation. Every job submitted to JAM is
represented by a job descriptor within the Job Repository. Modifications to the job
descriptors stored in the Job Repository trigger events in other JAM components, as
described in the following sections.

RMS Adapter

The RMS Adapter is used to communicate between the Job Repository and the native
resource management system. It is divided into two logical levels. The upper half of the
Adapter is independent of the underlying native resource management system. It deals
with making necessary modifications to the job descriptions in the Job Repository and
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reacts to modifications made from elsewhere, forwarding the requests to the native
resource management system.

The lower half of the Adapter is specific to the underlying resource management system
and provides the actual link to the resource management system. In general, JNI
wrappers are utilized to communicate between thelJagahnology—based upper half

of the RMS Adapter and the native resource management system itself.

Examples of standard resource management systems include@ithEngine and
Platform Computing’s LSF.

Application Agent Repository

The Application Agent repository is a JavaSpatceegrvice instance which holds the
optional, application—specific evaluation code for execution by the queue services as well
as the results of the evaluation code run for each queue service.

Queues

Each registered queue service represents an underlying queue defined by a resource
management system on a specific compute resource. The compute resource being
managed by the resource management system may be either a single machine or a cluster
of machines. It is important to note that the queue service is intended simply as an
abstraction of the queue(s) which are generally part of the native resource management
system; there are no queue semantics implemented at the JAM level.

Before a queue service first registers itself with theé Ditichnology federation, it
performs a lookup to retrieve a reference to the Job Repository JavaSzacese.
This reference is included in the queue service’s proxy object. This is noted in Figure 2.

Attributes of the underlying resource management system are reflected in the queue
service attributes in a resource manager—independent manner. It is these service
attributes which are matched against the resource parameters specified by the user to
determine the list of matching candidate queue services for a specific job, as shown in
Figure 3.
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attributes

o User selects a queue to submit job
«App proxy directs queue proxy to write
Job Description to Job repository

Figure 3: Queue filtering, Application submission

When submitting jobs for execution, each queue service proxy interacts with its

associated compute resource through the Job Repository. The queue service proxy writes
a new job description into the Job Repository to submit a job for execution. The RMS
Adapter has registered for notification of new job description entries being written into

the Job Repository and responds when so notified by submitting the job to the underlying
resource management system. It then updates the job description in the Job Repository
as the job’s state changes during its life cycle.

Each queue service back end is registered for notification of Application Agent
evaluation request arrival, at which point it copies the entry out of the Application Agent
repository, executes the code therein, and writes back a new entry, containing the results
for that queue service.

Jobs

Users can monitor and control their jobs once they have been submitted. Monitoring
includes the ability to browse the current state of the job’s execution (queued, running,
finished, etc.) and resource consumption in addition to being able to interact with the
job’s 1/0. Control includes the ability to suspend or signal a running job and to restart a
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running or completed job. In addition, optional steering hooks can be provided by the
application’s service wrapper to enable application—specific steering of the running job
as it executes. Application steering might, for example, involve dynamically changing
one or more application input parameters.

Each job submitted by JAM is represented by its own job service. How and when this
job service gets registered is now described. Reference Figure 4 in the following

discussion.
—
—
4
Client
Register for
/
Job Monitor|| Job SVC. | — o ‘
Panel Prox . r Job Monito
y Job Service RMS Adapter Thread
_ _ o JNI Wrapper
«Client receives notification on « Once job queued by native RMS;
Job service registration, gets Job Description is modified Sur™ Grid
service proxy _ _ in Job Repository ngine
«Job monitoring Ul instantiated, « This triggers Job Service back—¢
proxy registers for it to receive notification
status updates o Back—end registers Job service
Jini™ federation

Figure 4: Job Service Creation

As mentioned in the discussion on queues, a job is submitted for execution by the queue
proxy writing a new job description to the Job Repository. The RMS Adapter receives a
notification when a new job description is written. The RMS Adapter submits the job to
the native resource management system and changes the state of the job description to
note that it has been queued. At this point, the job service back—-end code, which had
previously registered for notification of queued jobs appearing in the Job Repository,
receives a notification and registers the job service, including a handle to the Job

Repository, as a Jini service.

Job monitoring and controlling functions also utilize the Job Repository. Once the job
service Is registered, its service proxy is downloaded to the client (the client is discussed
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further below) which had registered for notification of such job service registration when
the application was submitted. The job service proxy reads the job description from the
Job Repository in order to get job status information as well as a handle on the job’s stdio
(generally, a URL). The proxy modifies the job description in order to notify the queue
service back end of requests to change the job’s execution state (e.g. signal, restart). The
RMS Adapter has registered to receive notifications of these job description updates, and
responds by forwarding the request to the native resource management system. See
Figure 5.

Client

\ Status

Updates
Job Monitor# Kill v

SEOEL Suspend/Resume RMS Adapter‘JC).lI)_h|\/|On('jtoir
rRestat ~  —  Au read
JNI Wrapper
Sun™ Grid
ine

Figure 5: JAM Job Monitoring and Control

Application Registry

A list of registered applications needs to be constructed and then updated as new
applications are added to JAM. The Application Registry serves as the persistent store
for this information. The persistence mechanism can be implemented using simple files,
or a database back-end, depending on the size of the registry. While it is tempting to
consider utilizing a persistent JavaSpacesrvice, this is not a recommended usage
pattern.

Administration

The JAM architecture supports two levels of administration: user and service. At the
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user level, access control lists (ACLs) are used for controlling the following:

e Launching specific applications
e Submitting to specific queues
e Modifying the Application Registry (adding/changing/deleting applications)

At the service level, an administrator can monitor and control the overall operation of
JAM, including bringing services up or down, and monitoring the state of various
compute resources, running jobs, etc. [Jiteéchnology provides a set of interfaces to
support the administration of services. ThelJiservices used by JAM all implement

the appropriate administration interfaces, which provides the underpinnings of a service-
level administration implementation.

Client Code

This section describes the different front—end user interface panels with which a JAM
user interacts in the general order they will be encountered during a typical session. The
JiniJ technology provides the ability to run the client code from anywhere a unicast or
multicast connection to a Jinilookup service hosting JAM’s services can be

established.

Login

This is the first screen a user sees when invoking the JAM client. It is where the user is
authenticated to JAM through a standard user name and password dialog. The goal is to
provide a single sign—on model, where these initial credentials are securely saved and
forwarded as needed throughout the user’s session with JAM.

Application Selection

The client displays a list of all applications registered with the Jini lookup service. The
user selects one for submission.

Parameter Input, Queue Selection, Job Submission

Once the user selects an application, both application and resource parameters are
entered. The application proxy itself provides a panel for entering application—specific
parameters, while the client provides both a container for the application—supplied panel,
and its own panels for entering application—-independent parameters and resource
parameters. Figure 6 shows a frame with the application proxy supplied panel at the top,
the resource parameter input panel in the middle, and the queue selection panel (along
with a panel for status messages) at the bottom.

As resource parameters are entered or modified and as the state of various queue services

change, a list of matching candidate queue services is displayed. This list is dynamically
updated by the Application Agent.
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JamM spplication Launcher

AM Application Launcher is ready

Figure 6: Parameter input, Queue selection window
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Job Monitoring, Controlling, Steering

The application service proxy can optionally register for job monitoring to be performed
by the client. If this is the case, the client will be notified when the job service is
registered (which occurs after the job has been submitted to the native resource
management system). The client then displays the current execution state of the job
along with its stdout and stderr stredmvith both continuously updating as the job runs.

It also provides controls for signaling the job. This is shown in Figure 7.

Job Monitor

File

—lob Info

Hame : [fhomefsharakan/binfcodine testType @ [BATCH
UserlD : [sharakan GrouplD : |sharakan
Queue : |icarus JobhiD : |0

-RMS Params

Submission : |jam 0 sharakan codine t|ID : |1EIE

~Status Report

Status : |[RUNNING | ction : |Mo Astion Request
Ot gt

Warning: nooaccessto ty; thus no job control in this shell...

Sun Microsystems Inc. SunosSarv Generic Qrtober 1993

HPC GRQUP OWHMER: Eric Sharakan
Frimay 12 15:15:03 EDT 2000
Fritay 12 15:15:18 EDT 2000
F1apm up 4 dayis), 2:18, 1 user, load average: 0.24, 012, 0.08

logout
Warning: no accessto tty; thus no job contral in this shell...
Sun Microsysterns Inc. SunQs s’y Generic Qetober 1998

~EIror messages

A cticnPanel

Suspend Stop Kill

Figure 7: Job Monitor Frame

2 Not all resource management systems support streaming stdout and stderr back to the job submitter.
In this case, JAM endeavors to get this infation from files that such a resource manager might use
to store this information. In this case, the output might not be streamed to the window; in fact, the
output might not appear until the job has finished execution.
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In addition, the user is optionally able to access application—specific steering hooks
which are provided as part of the application service. The application steering
architecture is still an area of active research.

Resource Monitoring

Resource monitoring is also available during queue selection, providing useful,
continually updated information about the current state of the selected resource. For
example, double—clicking on one of the queue service items as shown in Figure 6 will
result in a window as shown below in Figure 8.

J&M Monitor

Service Parameters

Huost: Codine Hostdohs: i}
CPU: 1 Free mem: |256
Tot mem: |256 Load: 1.8

Actions

Figure 8: Resource Monitoring

Summary

JAM provides a unifying framework for selecting and launching jobs into one of a set of
available resources. JAM’s architecture leverages the distributed nature ofdichi
JavaSpacés technologies to build a dynamic, distributed system. This allows us to
concentrate on JAM’s high—level architectural issues, as all the underlying distributed
infrastructure is provided by Jini and JavaSpacéstechnologies.
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