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1 Introduction

This document summarizes the different Information Producers developed within AstroGrid-D until
March 2007. An Information Producer aggregates metadata to the AstroGrid-D Information Ser-
vice, described in deliverable D2.1 [7] and implemented in D2.2 [6]. The metadata is mostly related
to monitoring of the Grid, ranging from resource monitoring to grid job and specific application
monitoring. The rest of the deliverable is organized as follows: section 2 contains a generalized
description of an AstroGrid-D Information Producer and section 3 describes the existing Information
Producers.

2 Information Producers

The AstroGrid-D Information Service, Stellaris, represents metadata using the Resource Description
Framework (RDF) [8], from W3C. In order to use Stellaris as Information Service, an Information
Producer (IP), must therefore provide metadata in this format. One of the benefits of using RDF
is that there exist several converters from other widespread formats (EXIF, Bibtex, OAI-PMH, ...),
see [2] for an overview, and many existing vocabularies/schemes that can be adopted when creating
a specific IP. Other useful tools for working with RDF can be found at W3C's RDF site [3]. The
following steps are important to consider when implementing an IP, many of which will be given
as examples in section 3.

Design the schema. Metadata is a way to bring additional meaning to a resource (file, job,
compute cluster, etc.). In RDF a resource has properties, where a property describes the
resource in some way. For example the sentence " The car has a color with value blue.”, says
that the property color has value blue. With the RDF Schema [1] language it is possible to
define classes, sub-classes and relations between properties for a certain RDF vocabulary. If
the metadata is available in another format already (such as XML) a translation to an RDF
vocabulary is necessary.

Generate RDF. When the schema for the metadata has been defined, instances of the schema
should be generated. This is typically done by using existing tools listed in [3]. The RDF
format supports many different serialization formats, where the most common is RDF /XML.
Examples and tips on this step are described in section 3.

Interact with Stellaris. Stellaris is accessible using normal HTTP, why most HTTP clients and
libraries (cURL, wget, etc. ) supporting GET, PUT, POST and DELETE is sufficient for
creating, uploading, retrieving and deleting RDF-based metadata. In order to extract specific
metadata, a SPARQL [11] endpoint is provided. SPARQL is an RDF-specific query language.

3 Available Information Producers
List of what has been produced so far within the project. This should include

e Producer purpose
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e What vocabulary is used? (Describe here or give a link)

e How is RDF produced? (directly, through translation, libraries, templates) Practical part that
is useful for others writing RDF producers

e Experience with the information service. Describe how your setup works, how you include
the information service in your system.

3.1 Grid Resource metadata

Status data on Grid resources using the Globus Toolkit are provided by the Monitoring and Discovery
Service (MDS). Information about each computing element (CE) - a cluster or a workstation - is
contained in MDS using the Grid Laboratory Uniform Environment (GLUE) schema. The current
implementation of MDS in GT 4.0.x uses GLUECE schema version 1.1. The schema is filled with
reasonable data by information providers like the Ganglia Information Provider which should be
configured on all AstroGrid-D resources. More information about MDS can be found in [14].

In order to provide this status information to the AstroGrid-D information service Stellaris, we
established a periodically applied translation chain (cron job) from MDS’ XML schema into RDF
containing all the information from the individual GLUECE sub-schemes in the MDS. As the first
step, the XML data are retrieved from the AstroGrid-D WebMDS-Service. Usually, the XML
output of MDS contains several copies of a GLUECE schema per individual computing element in
conjunction with each available queue etc. By applying an XSL-Transformation, a new XML file
is extracted which contains the collection of unique GLUECE schemes only (one per computing
element).

The translation from XML to RDF is performed using the XML2RDF routine from the OwIMap
package [9].

The obtained RDF document is uploaded to Stellaris where it replaces the document of the previous
application of this translation chain. Actual status information about computing resources can be
retrieved using SPARQL queries.

Most recently, we succeeded in developing a short but generic XSL transformation to translate
arbitrary XML files into the RDF /XML format by introducing a generic namespace treatment into
the XSL transformation developed for the RTML-to-RDF translation. This new and generic XSL
transformation has been used in order to translate the entire AstroGrid-D-MDS information into
RDF /XML, thus establishing an additional and exhaustive method to provide MDS information to
Stellaris.

Currently, this complete set of MDS information in Stellaris is updated once per hour. Due to the
comparably large amount of RDF /XML data (about 1.5 MB) the update process lasts for almost
one minute. We are currently working on methods to accelerate the upload process to enable a
more frequent update of MDS information.

3.2 Grid Service Monitoring

In order to monitor the status of basic Grid services on all known AstroGrid-D resources, a grid
monitoring script (written in Perl) was developed in work package WP-I "Integration of Compute
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and Data Resources into GACG”. This script

1. iterates over a given list of Grid resources (which can be specified by the user or automatically
queried from an AstroGrid information service),

2. runs predefined tests for a set of Grid services on each resource,

3. as a result displays the status for each Grid service test (passed/failed/timeout). In the
case of a failed test, a log-file is placed in the current working directory showing the stderr
messages of the test performed.

The test results obtained by the script are translated into a RDF/XML document using an RDF
schema namely the astrogrid-health-monitor-schema ispecifically designed for this purpose.
The RDF/XML document is finally uploaded to an AstroGrid-D information service: for this a
routine in the Perl script opens a TCP/IP socket connection to the machine and port where the
external information service is running, and sends the serialised RDF /XML string as data ina HTTP
PUT operation following the standard web protocol.

After the service monitoring results have been uploaded to the information service, they can then
immediately be queried from a Grid Service Monitor web-page (see figure 1 for results from an
example status query) which is available on the AstroGrid-D intranet (http://mintaka.aip.de:
8080/lenya/intranet/live/grid-status/grid-service-monitor.html).

. Eile Edit view Go Bookmarks Tools Window Help

i @O Q @ 0 I http://mimtaka‘aip‘de:24000/query?query=%23+query+status+cf+GS\SSH+service+across+aH+machines%OD%OA%OD%OAPREF\X+agd%3A+%3Chttp%:= I
—
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Figure 1: Results from a status query for the GSISSH service as shown on the Grid Service Monitor
webpage

Different predefined queries are available as SPARQL queries:

e Service Monitor metadata information
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hostname of client machine where the test was run from

date/time of the test

client user login name

client user's certificate distinguished name

status of successful tests for individual Grid Services

— GSISSH
- GSISCP
- GRAM

status of failed tests for individual Grid Services

full status overview of all Grid Service tests

full status of individual Grid Services with error log for failed tests

Both the Grid Service Monitoring script and the RDF schema used to describe the service monitoring
metadata can be downloaded from AstroGrid-D SVN via

svn checkout svn://svn.gac-grid.org/software/monitoring

More documentation can be found on the intranet page http://mintaka.aip.de:8080/1lenya/
intranet/live/workpackages/wgl/grid-infrastructure/monitoring.html.

3.3 Grid Job Monitoring

Grid job monitoring has been developed to provide a first graphical user interface to the status of
submitted grid jobs. Monitoring is accomplished using the web service interface of Globus. For

each job (submitted with the “o" option) the Grid Resource Allocation and Management (GRAM)

of Globus returns an endpoint reference (EPR) as handle to the job state. Monitoring uses the
EPR to retrieve the state of a running job from GRAM. This information is then filled in a RDF
template. This RDF template contains:

e job id

e job name

e current job state

e host name

e user name

e start time

e stage in time

e start time of program execution
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e stage out time

After a state has been received and the RDF template has been updated, it is uploaded to the
information service through its HT TP interface using the command line tool “cURL". Currently the
job submission and monitoring is done from the same host as illustrated in Fig. 2. A disadvantage of
this concept is that the submission host is required to be online for monitoring. This disadvantage
can be avoided if the monitoring is delegated to the same host where the job is executed. The
provision of information directly from the execution host is indicated by the black dashed arrow
which replaces the information flow back through the submission host as indicated by the red
arrows.

Submission Host—oksubmission y, .
1) job submission query job state . Execution Host -
2) monitoring Lt

" return job state

| i ———
upload state

upload job state _ | Information
Service

Web
Interface

Figure 2: lllustration of information exchange for job monitoring. The dashed arrow indicates the
foreseen improved information flow which will replace the route back through the submission host which
is indicated by the red arrows.

The grid job monitoring has been first developed for the DYNAMO use case and found to be very
useful during test runs. The necessary software is available through the AstroGrid-D web site [10].
However, the code can be easily adopted by other use cases of AstroGrid-D.

A first adoption has been made for the use case ProC. Similar to the processing for the use case
DYNAMO, the metadata is produced as follows; the EPR of the job is returned by the job submission
command. The job status is periodically monitored using the 'globus-job-status’ command based
on the returned EPR. The system 'date’ command is applied to generate the corresponding time
stamp. Some of the metadata is sent along with the job submission as a parameter. Some other
information is hard-coded into the respective ProC script that submits the individual workflows.
This metadata is encoded in a template RDF file. SED replace commands are used in order to
replace the place-holders in the template by the real information.

From the information service the information can be retrieved through SPARQL queries or more
conveniently through a special web interface, the Grid-Timeline. Pointing a web browser to this
interface each job is represented by a “timeline”, i.e. a horizontal bar which is proportional to the
run time. Color codes for the different job states provide an intuitive overview of the progress of
submitted grid jobs. Additional information, such as job ID, name of the user and name of the job,
can be obtained through a mouse click on a jobs timeline.
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3.4 Cactus Metadata Management

For the Cactus use case a specific application scenario was developed to automate the procedure of
regular Cactus tests and allow users to conveniently monitor the status and history of Cactus test
simulations. This scenario was realised using AstroGrid-D technology: (1) the information service
developed in work package WP-II for storing and managing application-specific metadata, and (2)
the GridSphere portal framework provided by work package WP-VII to build a Cactus User Portal
as a standardised web-based user interface to access and query application-specific metadata. In
work package WP-VI a CACTUS INTEGRATION TESTS module for generating the metadata and
a CAcTUSRDF portlet for presenting the metadata were developed.

The CAcTUS INTEGRATION TESTS module consists of a collection of Perl scripts functioning
as wrappers around the Cactus test suite mechanism. They automate the execution of individual
interdependent unit tests and are responsible for extraction and evaluation of test results from
available log-files and the translation of these results into an RDF document. For this purpose,
an RDF schema was designed describing the following items of information for a given integration
test:

a descriptive name identifying this test

e the exact date/time of the test

e the hostname of the machine the test was run, plus the total number of processors used
e the login name of the user who ran the test

e the configuration options and thornlist used to build a Cactus executable

e the status results (succeeded/failed) and log-files for each individual unit test:

e for the test suites, also the names and a summary of passed/failed tests

The resulting RDF document is serialized into RDF/XML and finally uploaded by the CAacTUS
INTEGRATION TESTS module to an external AstroGrid-D information service to store and archive
the integration test results.

Closely related to the generation of Cactus metadata on the application side is its presentation
through a human-machine interface in the form of a web-based Cactus user portal. Such a portal,
based on the GridSphere portal framework, has been deployed by work package WP-VII; it is
available online under https://portal.cactuscode.org.

In work group WP-VI the necessary Cactus metadata management portlet (called CACTUSRDF)
was developed. The CACTUSRDF portlet provides functionality to query Cactus integration test
results from an external AstroGrid-D information service and present them in different possible
views to the user:

1. a summary view of all most recent integration tests from all test machines, showing the status
of all unit tests

2. a detailed view of Cactus test suites for an individual integration test, showing the status of
all test suites
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3. a history view for an individual Cactus test suite, queried over all available integration tests
results on all test machines

For the queries, the user can also specify parameters to restrict the resulting metadata shown in
the portal, e.g. by an individual Cactus integration test (identified by its name), by the user who
ran the test (identified by the user's login name), or by a specific test machine where the test was
run (identified by the hostname).

Internally, each of the different views is implemented as a dynamically generated SPARQL query
submitted to the external information service. The CACTUSRDF portlet is implemented in Java
and uses the Jena RDF framework for all transactions with the AstroGrid-D information service.

Complete documentation for the Cactus Integration Tests module and the CACTUSRDF portlet
is available in [12].

3.5 Robotic Telescopes

The integration of robotic telescopes into the AstroGrid-D infrastructure aims at a global network
of astronomic instruments based on grid technology. A first step in this direction is the usage of
the grid information service as interface to metadata of telescopes. A standard for metadata of
telescopes and observation requests has been developed by the Heterogeneous Telescope Networks
(HTM) consortium. Their protocol standard is the Remote Telescope Markup Language (RTML)
which has also been adopted by AstroGrid-D. Since the Stellaris information service uses RDF for
the storage of information, a transformation into RDF is necessary before the metadata can be
upload. Details regarding the transformation as well as the uploading and retrieving of information
are given in [5].

The possible contents of metadata for telescopes is defined by the RTML schema. and can be
divided into static and dynamic metadata. Typical static metadata contains

e telescope id and name

e location: name, longitude, latitude, height

e camera properties: description, detector, plate scale, filters

focal length

focal ratio

e aperture

Typical dynamic metadata will be discussed in [4].

Access to the information is possible through the SPARQL query interface and also through a web
browser directed to the Telescope Map, which is part of the Grid Resource Map. This software
packages is available through [10].
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3.6 Data Stream Management Producer

For the data stream management two information producers have been designed. The first infor-
mation producer describes the content providers in the data stream management system. Content
providers publish data streams into the data stream management and provide metadata about
the available data streams. The second information producer delivers information about function
providers which are repositories for re-usable components that can be integrated in data-stream
processing tasks. Both information producers follow the same basic principle: they create an RDF
model based on an internal data structure. The RDF model is serialized afterwards and then
transmitted to the information service.

Content Provider. The information producer is realized as proof-of-concept for creating RDF
models in Java using the Jena library.? Content providers publish data streams into the data man-
agement system. The data streams are characterized by structural information, e.g., a Document
Type Definition (DTD), and the frequency of the data stream. An example for this information
is shown in Figure 3. The content providers are represented by the service URL at the container.
Thus clients can directly use this information to interact with a content provider, e. g., to subscribe
to this data stream.

dtd dtd

stream-2

stream-1

<IELEMENT stream (item)*>

<IELEMENT strom (element)*>

Figure 3: An RDF example graph for the metadata of a content provider.

Function Provider. The data stream management enables researchers in the astrophysics com-
munity to share implementations of stream-based data processing modules, so-called operators.
These are stored in distributed function providers easing the maintenance task for the individ-
ual author. Authors specify the metadata necessary to reuse their implementation. This includes

http://jena.sourceforge.net
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the name of the operator, a detailed description, input parameters, output parameters, configu-
ration parameters, the URL where the archive containing the operator can be downloaded from,
the Distinguished Name (DN) of the authors’ grid-certificate, and several keywords describing the
functionality. The certificate information is necessary to sign the operator archive and thus allow
the data stream management to verify that the code is from a trustworthy source. A subset of this
metadata is replicated at the information service to allow operator discovery based on that informa-
tion. Having found a reusable operator, researchers can integrate those (usually written by other
astronomers) into their own data stream processing tasks based on the information provided by
the information service and the function provider. We describe the functionality of this information
producer in more detail in the according deliverable by working group 4 [13].

4 Conclusion

Several information producers have already been developed for Stellaris. Some of them are only
partly finished - like the information producer for Grid resource metadata where a further speedup
of the information upload process is strongly recommended. Work is in progress to improve these
individual information producers and their interaction with Stellaris and to develop additional IPs.
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