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Abstract

(FIXME)Several constrasting ways to build an informa-
tion service. Driven by the type of resource we are cata-
loging.sData and service are two main resources;registered
with the ResCat. Data comes in batches at certain periods.
Services‘are more irregular and transient.i\Volume of data
is much more than numberof services. (Pullvs. Push; Soft-
state lifetime, or no lifetime support):s Data is published in
other catalogs (rescat is meta-catalog). ‘Data has a single
schema and spec ¢ elds on which it is queried. Services
have a more generic and heterogenous schema. (XMizvs.
indexing) Data usually queried by users. Services by pro-
grams (complex, but rich query vs. boolean | lters)

1. Introduction

Grids and Science Gateways [10] provide uniform and
secure access to community resources based on a layered
service oriented architecture (SoA). These gateways are al-
lowing scientists to engage in multi-disciplinary projects
that span geographical and domain boundaries while hav-
ing uniform access to computational and storage infrastruc-
ture. Such seamless transparency is achieved by virtualizing
the physical resources through well defined interfaces that
allow computational clusters and massive storage reposito-
ries to be accessed as services. In addition, several core
services provide the necessary capabilities for a science
gateway to function effectively [?]. Security services for
provide authentication and identity mapping; data services
move, store, replicate, and access data [24]; execution man-
agement services plan, schedule, and manage the lifecycle
of jobs run on the Grid; and information services [16, 6]
catalog the current status of Grid resources and enable their
discovery by other components in the Virtual Organization.

Information services act as brokers for information inter-
change between different parts of a Grid. By maintaining
metadata about resources, they act as directory services that
can be contacted to query for and locate a resource. They

provide name and location transparency and allow collab-
orating users discover shared resources in the system with-
out requiring prior knowledge about them. By maintain-
ing current information about resources, they assist in dy-
namic matchmaking of resource needs to availability. The
resources described by the information services can be di-
verse, and there lies one of the challenges in designing
generic information services. Common physical resources
in a Grid are computational clusters, data storage locations,
network bandwidth, and instruments and sensors. R-GMA
[5] used in the EU DataGrid project and GridRM [2] are ex-
amples of information service for physical resources. In a
SoA, these resources have service counterparts that virtual-
ize the aecess to the resources. There may exist application
services that wrap the capability to launch scientific applica-
tions on a cluster [12]. Data products can be streaming in or
be generated from computational runs and staged in various
storage repositories. These.services and data products are
virtualized resources and'this paper deals with information
services for such resources.” Resources can be owned and
shared by the community or owned by a user. While the su-
perficial difference between information services for these
public and private resources is the degree and granularity
of accessicontrol to the resource metadata, information ser-
vices for the latter have a user focus that provides capabil-
ities for users to organize their resources along conceptual
groups or hierarchies. Examples of this cangbe found in
myLEAD [15] and myGRID [22]. We restrict our scope to
community owned resources.

The fundamental capability provided by an information
service is to register metadata about a resource and allow
it to be queried for an returned; and there are several sys-
tems that exist that do this. Indeed, a relational database or
an in-memory hashmap structure seem to satisfy this def-
inition, but do not because of the unique set of facilities
required off an information service in a Grid environment
[16, 6]. The information service has to handle diverse meta-
data representations. It should be able to recover from fail-
ures in the substrate and of the resources. It needs to provide
lifetime management capabilitites for the resource metadata



and scale to the extent necessary. It must provide query ca-
pabilities that meet the requirements and handle different
types of metadata providers. And all these requirements
will vary with the type of resource that is being managed by
the information service. From our experience in the Linked
Environments for Atmospheric Discovery (LEAD) project
[9], an all in one information service that handles every
kind of resources is unlikely to be effective and informa-
tion services will have to be configured according to cater
to individual resource types.

In this paper, we describe our efforts in building an in-
formation service for community resources in the LEAD
Cyberinfrastructure. The Resource Catalog is a meta infor-
mation service that manages resource information for ap-
plications, services, and data products in LEAD, taking a
resource specific approach to managing the metadata. It is
service since the Resource Catalog can be conceptually dis-
tinguished into two component services: the Service Cat-
alog which acts as an application and service;registry, and
the Data' Catalog which manages metadata for community
data products. These twoscatalogs expose independent ser-
vice interfaces that are combined together in the Resource
Catalog service interface for conyinience, to give the im-
pression of a single information service. We describe the
architecture and implementation Service and Data Catalogs
and highlight the unique ‘characteristics of these two pri-
mary types of resources that require distinct/attention. The
paper is organized as follows: after a brieflintroduction of
the LEAD Cyberinfrastructure and the Resource Catalog in
Section 2, we first describe the architecture of the Service
Catalog in Section 3 followed by the Data Catalog il Sec-
tion 4. A discussion of the two information services” char-
acteristics ensues in Section 5 and we end with future plans
and conclusions in Section 6.

2. Information Services in the LEAD Cyberin-
frastructure

(FIXME: Fill 0.5-1 column with LEAD info)

The rescat’s functionality can logically be split into the
Service Catalog and the Data Catalog. They are respectively
used to manage information about various Service resources
and community Data resources present in the LEAD Cyber-
infrastructure.

Brief description of LEAD Grid — workflows, services,
personal and community data, meteorology simulations on
clusters, portal interface

Information services — myLEAD, ResCat, Notification
Broker, THREDDS, Provenance service

3. Service Catalog

Application services [12] are important actors in a sci-
ence gateway and are responsible for performing the sci-
entific computations and data transformations. A Service
Catalog, other than registering currently available service,
also needs to record resources that describe service tem-
plates and necessary information to instantiate a new ser-
vice. Several metadata documents go towards describing
the lifecycle of a service, making them multi-faceted enti-
ties.

LEAD application services usually wrap a scientific ap-
plication, which can be any command-line executable and
is usually a FORTRAN program or a shell script [12]. They
are designed as web services and described using a WSDL
document that contains syntactic information on the mes-
sages accepted by the service interface. A web service that
is active and running also has its endpoint reference con-
tained in the WSDL, and the document is termed a con-
crete WSDL document. The concrete WSDL is only valid
during the lifetime of the service. Services that have been
configured to launch an application but have not yet been
activated are abstract services. These are described using
a Service Map document, which has a reference to the ap-
plication it wraps, and syntactic and semantic descriptions
of the interface provided by that service. Service Maps are
defined by the application service provider and used to au-
tomaticallyigenerate a corresponding abstract WSDL. The
external application referenced by the service is itself de-
scribed by an Application Description document, that con-
tains deployment information and application runtime re-
quirements. Finally, Host Description documents describe
the facilitites available at a certain host machine or cluster,
such as versions of software, type of scheduler, and so on
that help determine if an application can be run on a par-
ticular host.#All these documents are represented in XML
using a well defined schema.

A service instance, deseribed by the conerete WSDL, is
built by matchmaking information from the Service Map,
the abstract WSDL, the Application Description document,
and Host Description document, and the ;Service Catalog
needs to support registration and querying over all of them.
When a user needs to run an application or launch a work-
flow, they initially search for serviee instances i.e. concrete
WSDLs based on some attibutes in the concrete WSDL or
in the Service Map for thatiservice. If a service is not al-
ready running, it needs t@ be created and launched. This
requires selecting the Service Map for the service, retriev-
ing the Application Description document for the applica-
tion referenced in the Service Map, locating a host where
the service can be launched, creating the abstract WSDL
for the service and annotating it with the service endpoint
to generate the concrete WSDL for the service. All these
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Figure 1. Architecture of the Resource Catalog, comprising of the Data and Service Catalogs

documents are registered and discovered from the Service
Catalog.

3.1. Architecture

The Service Catalog needs to record different types of
XML description documents for a service and provide rich
querying capabilities to support brokering and searching
needs. It also needs to be extensible to other service re-
lated resources that may need to be defined future. To han-
dle these aspects, the Service Catalog uses a native XML
database in th backend to store the XML documents. This
give the ability to handle generic XML documents, while
providing complex query support using XQuery.

REGISTERING. The Service Catalog web service pro-
vides a simple API, built on top of the Sleepycat Berke-
ley DB XML database (now part of Oracle) [14], to allow
clients to register the five different types of service related
metadata description documents. The API also enforces de-
pendencies and restrictions that exist between the metadata
documents. For example, an abstract WSDL document can-
not exist without a Service Map document present for it.
Each type of resource metadata is stored in a separate XML
collection in the database.

QUERYING. The Service Catalog also provides a query
API to perform common search queries on the different
documents. The simple queries include locating a service
instance (concrete WSDL) by its porttype QName (ser-
vice interface type), or a host (Host Descrition document)
by its hostname. These queries are mapped to equivalent
XQueries that are executed on the DB XML database to

retrieve matching resource documents.In addition, complex
queries on any element or attribute in the metadata descrip-
tion, and joins across different metadata documents can be
directly perfermed by clients using XQueries. Clients use
pre-defined names for the metadata collections when writ-
ing'the XQuery and these are internally mapped by the Ser-
vice Catalog to the real name of the collection used in the
database. Using this API, a resource broker can, for exam-
ple, perform matchmakingtand retrieve all documents re-
quired to create a serviee using:a single XQuery [13].

LIFETIME MANAGEMENT. An: other important capa-
bility that the service catalog providesis lifetime manage-
ment of metadata for transient resources. Service instances
in LEADare usually short-lived, existing for the duration of
a workflow they are part of and then terminating. Services
normally unregister themselves from the Service Catalog
when they terminate. In a distributed environment such as
the Grid, there is potential for failure of different hardwate
and software resources. So, it is not possible to guarantee
that a service will always be able to die gracefully by unreg-
istering itself, or that the Service Catalog will be reachable
when the service instance terminates. We use the technique
of softstate lifetimes assigned to metadata for transient re-
sources for handling such scenarios. When concrete WS-
DLs, the primary transient metadata, is registered, it is as-
signed a lifetime (or a lease) for a short duration of time
(default 15mins). If the service instance does not renew its
lease within this time, the concrete WSDL is removed by a
garbage collection thread running in the service catalog, as-
suming that the service instance died without unregistering



itself. If the service were still running and it could not re-
new its lease due to some resource failure, it can re-register
itself when the failure is rectified. However, the concrete
WSDL metadata would have been missing for the interim
time when the lease had expired. This ensures a graceful
degradation of the quality of service commensurate with the
failure(s) in the system.

In addition to metadata being removed due to lifetime
expiration, users can also manually unregister/delete the re-
source metadata using APIs similar to the query API. This
is the method used by persistent resource metadata such as
host description document'and setvice map documents.

ARCHIVING AND/RECOVERY. Information services
such as the service catalog form a central piece in discovery
of resources and.need to guarantee an aceeptable quality of
service. In addition to disk failures thatcan cause corruption
of metadata stored in the service catalog, use of prototype
software libraries can also affect the contents of the XML
metadata database. In order to ensure timely, tecovety in
the event of such failure, the Service Catalog maintains an
exponential and rolling backup of the contents of the XML
database. A separate‘archive thread in the Service Catalog
creates a series of logs of the raw XML metadata from the
database at configurable periods,presentlyat 1,2, 6, 12, 24,
and 72 Hour intervals. In the:event of a failure ot database
corruption, the catalog canjautomatically be switched to the
most recent usable archive. These snapshots also allows us
to track the services that have been running in the past to
mine them for resource usage patterns or help track prove-
nance [19].

4. Data Catalog

Data products form a very important resource in LEAD.
Data products may be available as files, collections, and cat-
alogs, and describe raw intrument data, model generated
data, streaming data, experiments, and logical collections of
these. LEAD makes the distinction between personal data
owned or shared by a user, and public data available to the
community. While metadata on privata data is managed by
the myLEAD [15] personal catalog, our focus in this sec-
tion is metadata on community data managed by the Data
Catalog part of the Resource Catalog.

In order to describe diverse earth sciences data in a stan-
dard manner, LEAD has adopted a variation of the Fed-
eral Geographic Data Committee’s Spatial Data Transfer
Standard [1]. Called the LEAD Metadata Schema (LMS)
[17], this XML description captures spatial and temporal
attributes, citation, provenance, data quality, and format de-
scription, and also allows extensible entities and attributes.
This schema is exclusively used to describe every data prod-
uct in the LEAD domain. It also allows hierarchical com-
position of resources through the notion of collections that

can reference other collections or data products through the
global ID for the LMS document.

Community data products enter the LEAD domain pri-
marily through data flowing into the THREDDS Data
server. The THREDDS data server (TDS) [8] is a mid-
dleware often used by the earth sciences community as a
respository for data from various sensors and instruments.
Data, coming in periodically, is organized hierarchicaly as
files and directories according to predefined configurations,
and an XML document describing the contents of each di-
rectory is created and updated based on a manually defined
template for each directory. These XML documents are
called THREDDS catalogs [8] and describe spatio-temporal
attributes, data format and access protocols, publisher, and
so on. These catalogs are accessed from the TDS through
a HTTP URL. The heirarchical structure of the directories
means that the catalogs themselves can point to child cat-
alogs in addition to listing data products. These catalogs
form one of the main sources of public data for the Data
Catalog.

Data products can also be published from the myLEAD
personal catalog to be shared among the LEAD commu-
nity. These data products are already described using LEAD
Metadata Schema and can be directly added to the Data Cat-
alog.

4.1. Arcehitecture

The Data Catalog service can either have data prod-
uct metadata in the LMS pushed to it for publishing, or
have THREDDS catalogs registered with it as a source for
pulling in data product'metadata. The former scheme is
used for shared data published from myLEAD and the latter
1S the source of external data entering the LEAD commu-
nity. This LMS metadata is indexed and stored by the Data
Catalog to allow for complex queries based on attributes de-
fined over the LMS.

CRAWLING. The'DataCatalog uses a register.and crawl
approach to pulling information from the THREDDS cat-
alogs. One or more THREDDS catalogs, encompassing
community data products of interest to LEAD; are regis-
tered with the Data Catalog along withsa period of crawl-
ing that approximates the data at which data comes into the
THREDDS catalogs. This is usually at the frequency of
every hour. At the prescribed frequencies, the Data Cat-
alog launches spiders [4] to'start crawling from the regis-
tered THREDDS catalogs'to all other catalogs linked from
it recursively, searching for data products present at the
leaf of the catalog tree. When a data product is found,
the THREDDS metadata description for it is extracted and
added to a separate crosswalk queue in the Data Catalog.
Several crosswalk threads are waiting on this queue for new
THREDDS metadata objects to come in, and they asyn-



chronously convert the THREDDS metadata to the LEAD
Metadata schema. Once converted, these LMS documents
are indexed using the Apache Lucene library [11] and
stored.

When THREDDS catalogs are registered with the Data
Catalog, they are dropped into different buckets based on
the frequency at which they need to be crawled. A moni-
toring thread starts a crawler to crawl over all THREDDS
catalogs in a bucket at the frequency specified for a bucket.
THREDDS catalogs, when registered, are put in the bucket
whose crawl frequency is closest to the crawl frequency of
that THREDDS catalog. This optimizes the crawling by us-
ing a batch crawl modeinstead of crawling each THREDDS
catalog independently.

PUBLISHING. Data products andcollections published
from the myLEAD catalog are already described using
LEAD Metadata Schema. While data is pulled from the
THREDDS catalogs, users push data products and experi-
ments they wish so share from myLEAD to the Data Cata-
log. Also, publishing from myLEAD is supported for col=
lections of related data products and experiments, and not
just individual'data products. Thesescohesive collections,
while composed of several individual LMS documents, can
also be retrieved as a single collection with all relared LMS
instances for, say, import inte myLEAD.

INDEXING. The Data Catalog needs to support storing
and querying over hundreds of thousands of data products
and collections. Usually, a trade-off occurs between the ef-
ficiency of querying and the generality of queries. Given
the scalability requirements in the Data Catalog, we have
opted for an indexing and store strategy that shreds‘and in-
dexes important and commonly queried metadata attributes
from the LMS XML document while also retaining the orig-
inal LMS document instance to be returned as the result of
queries. A configurable set of 22 commonly queried typed
metadata attributes were identified and an index built on
each of those dimensions using the Apache Lucene [11] in-
dex library. Some of the attributes like temporal and spatial
ranges are multi-dimensional while others like data format
and citation have a single dimension.

When a LMS document instance needs to be indexed
and stored in the Data Catalog, an XML parser extracts
the attributes configured for indexing and passes it through
special tokenizers written for specific attribute types since
Lucene natively supports only String types. So a numeric
data type like latitude or longitude will have to be padded
with zeros and signed to enable lexical indexing and com-
parison of numbers. The tokens generated for the attribute
value are added to the index for that attribute and associ-
ated with the unique resource ID for the LMS document.
In addition, all attributes are tokenized as strings and added
to a separate index that allows free text search on the LMS
document. The index for each attribute is a B-tree that is

persisted in the file system by Lucece. Each crawled bucket
maintains its own set of B-trees for documents from its
crawl.

The Data Catalog maintains two sets of indices for each
bucket to allow the availability of an index for querying
while a new index is build from the periodic crawl. While
a “live” index is used for answering queries, there may be
another “background” index being built from a fresh crawl.
Once the crawl completes and a new index is built for the
THREDDS catalogs in a bucket, the “background” index is
swapped with the “live” index and henceforth used to an-
swer queries. The separate index maintained for the pub-
lished data is only appended to with additional documents
when data products are published directly to the Data Cat-
alog, and no new index is built. Since correlating existing
documents in the index with those in the THREDDS catalog
is costly, such a complete recrawl strategy effective when
the number of data products updated in each catalog update
is high. However, an incremental approach is prefered and
scalable when the delta change between crawls is smaller.
We are currently working on this.

QUERYING. The Data Catalog allows queries over the
predefined metadata attributes in addition to a free text
search over all of the LMS metadata. Basic comparison and
range queries can be defined over individual attributes and
these can be combined recursively with AND, OR and NOT
operators tofform arbitrarilly complex boolean queries. The
comparison operators supported are equals, greater than,
less than, substrings, and wildcards, while range queries for
spatial and temporal attributes allow matching on subsets,
supersets, and intersects of a value ranges. The queries are
represented by the user using an XML schema and trans-
lated by the Data Catalog to query terms compatible with
the Lucene API. This involvesimapping the attribute names
in the query to the attribute names used in Lucene, tokeniz-
ing the attribute values to match the'tokeénization of the in-
dexed attribute values; and recursively converting the XML
query predicates to equivalent Lucene query terms in Java.
The resource ID of LMS documents matching the queries
aré returned by the Lucene query. The raw LMS document
is then retrieved using this ID and returned to the query
client. Currently, the top “N” data products are returned by
the Data Catalog, sorted according to their temporal ranges.
Work is on to allow incremental retiirn of matching docu-
ments.

5. Discussion

Building the Service and Data Catalogs gave us insight
into the distinct challenges posed by the different resources.
There are several tools available to build Information Ser-
vices and keeping the implementation simple by leveraging
these tried and tested tools helped. The Berkeley XML DB



and the Apache Lucene libraries are cases in point. Below,
we discuss the various key differences between the Service
and Data Catalogs.

5.1. Push vs. Pull

Metadata can either be explicitly created and sent to the
information service, or the information service can be no-
tified to (periodically) retrieve the metadata from a net-
work location. The approach.to use depends on the type
of resource and the metadata provider. The two factors
that are traded-off are scalability of the system and sen-
sitivity to change in the resource properties. These de-
pend on various attributes such as the number of resources,
lifetime of a resource, and rate and periodicity of change
(add/update/delete).

When the number of resources is large, a pull model is
better:since the information service can play an-active,role
in staggering the resource updates to enhance scalability.
This can'be enhanced if multiple resources can be simul-
taneously pulled from:a single provider and if the resource
updates are periodic. These optimizations can improve the
scalability without severe loss of sensitivity. \However, if
resources have a short and intermittent lifetime with a high
rate of change, a pull model'is less sensitive to the changes
since the state between pullsis not available. Increasing the
pull frequency will affect the scalability. Another obvious
hazard is when the resource is behind a firewall or cannot
be reached for a state update. The issue of lifetime manage-
ment in both these cases is discussed latet too.

In the ResCat, the number of service resourcesare in the
order of hundreds and their lifetime usually renages from
several minutes to a few hours. This prompted us to use a
push model where the services register and unregister them-
selves. The service resources were also time sensitive since
they are used during workflow composition, configuration,
and orchestration. The data resources, however, numbered
in the thousands and were streaming in batches every hour
to an external catalog. A pull model is appropriate here to
scale to the large number of resources.

5.2. Persistence Mechanism

Information services persist metadata about resources to
an external storage service. In-memory storage is insuffi-
cient to guarantee the survival of data upon service failure
or to scale with the number of resources. Several persis-
tance mechanisms exist and their selection depends on the
complexity of the metadata and the richness of query func-
tionality required. We restrict our discussion to XML meta-
data since that is the most popular metadata representation
used.

If the query functionality required is just a lookup based
on aunique ID of the resource metadata, persistence can just
mean writing each metadata document to a unique file in the
file system. But this is rarely sufficient. Two approaches
that can be used for more common cases are databases (in
different flavors, such as relational, XML, object, and se-
mantic), and a index-and-store approach. The former is
more commonly used. It can mean defining tables or collec-
tions to map the resource metadata to and translating meta-
data addition and updates to database update queries. Like-
wise, the stored metadata can be queried for by mapping
the Information service’s query API to the native database
language. The advantage of using databases lie in the flex-
ibility and generality they provide. It is possible to map
almost any metadata representation to a generic database
schema and they support complex update and rich querying
capabilities. Mature database systems also offer scalabil-
ity. However, the downside it the complexity involved in
mapping the metadata schema and queries to the underly-
ing database.

Another persistence and query mechanism that has been
used in the web search community but can be equally well
adapted to Grid information services is one of building in-
dexes for the metadata [7]. A simple implementation of a
web search engine would crawl web pages and index differ-
ent attributes of the page, such as the title, text content, and
meta information present in the page. These are mapped
backto the URL for the webpage, which can also be cached.
A search on this engine does a lookup of the index and re-
turns the'matching URLs. A similar approach can be used
in information service, with the metadata forming the web
page,indices built upon,attributes extracted from the meta-
data and mapped to the metadata’s ID, and the metadata it-
self stored (cached). Searches can be based on the attributes
that are indexed and more complex than free text searches
done by a search engine. If the metadata is not updated
frequently and the number of attributes on which they are
queried upon is limited, then this is an elegant selution that
merges the indexing efficiency of databases and the stor-
age simplicity of file systems with minimal programming
overhead. Indexing libraries, such as Apache Lucene, al-
low the creation of index structures and'even storing raw
documents, with support for boolean and range queries.

As mentioned earlier, the Service Catalog uses a native
XML database to store and query over the service metadata.
This is due to the wide vagiety of metadata schemas that
need to be accomodated, the complexities of the schemas,
and the need for complex queries over arbitrary elements
across schemas. The genric nature of storing and querying
over XML documents using XQuery provided by the Sleep-
ycat XML DB was well suited for this. The Data Catalog
uses a index and store approach using the Apache Lucene
library. This choice was guided by the fact that metadata



on data resources arrive in batches that were suited for en-
mass indexing, the number of attibutes to query upon was
restricted and well known, and the types of queries were
limited to comparison and spatio-temporal range queries.

5.3. Query Functionality

The kind of query capability required depends on the
complexity of the metadata describing the resource and the
needs of the applications querying the catalog. Both the ser-
vices and data products were described using XML meta-
data. Though the individual metadata descriptions for each
service resource was sinmple, there were 5 different meta-
data schemas and the need to query across them using joins.
For example, a typical search of thel Service Catalog can
be for service instances that are running a certain applica-
tion and en specific hosts. This would involve a join be-
tween information in the concrete/WSDL, Seryice Map,
Application Description and Host Description collections.
These are easily expressed using the XQuery language and
the queries themselves are usually executed by brokers or
workflow engines, making it easier to automatically gen-
erate these queries without human/internvension. The rich
query requirement is one of the key drivers of using a native
XML database. If simpler querying over limited attsibutes
sufficed, a relational database or even an indexing and store
technique would be acceptable.

The Data Catalog has more direct users as clients who
perform queries from an online Portal and they are more
comfortable with the kinds of boolean queries supported
by the Data Catalog. The web interface has different sec-
tions to fill in values for the various attributes; such as the
spatial and temporal ranges, data types and formats, pub-
lisher information and keywords. Once filled, these can be
combined using AND and OR operators to form boolean
queries that match data products. This solution is also more
scalable since the number of data products are 2 orders of
magnitude more than services — typically 100’s or services
and 10,000’s of data products. Also, despite the LMS being
more complex, the key attributes that are searched upon are
more limited and a free text search upon the other attributes
suffice.

5.4. Lifetime Management

Lifetime management is a key issue in information ser-
vices for distributed resources to ensure the service has a
reasonably accurate representation of the current state of
the system. For resources that change very rarely, active
lifetime management may not be required. While the best
practise would be for a resource to unregister itself be-
fore it terminates, this may not always be possible and the
overhead of softstate lifetime management for persistent re-

sources may not be required. Instead, clients that discover
stale resources can report them to the information service
that would schedule its removal. Examples where this could
be used are for Application and Host Descriptions and for
abstract services. Alternatively, the resources can also be
polled at frequent intervals using ping messages to see if
they are alive. Softstate lifetime managemene works best
for transient resources such as service instances. Here too,
the selection of the lease time should be done keeping in
mind the tradeoff between overhead for renewing leases fre-
quently and the sensitivity of the system to stale entries.

Passive resources like data products, that are not aware
of when they terminate — for example, when a scour script
archives or garbage collects old data — post a more interest-
ing problem. Either their metadata provider, for data prod-
ucts in LEAD, the THREDDS catalogs, need to notify the
Data Catalog of the deprecation of data products when it
detects the data being deleted, or the Data Catalog should
poll this information from the metadata provider. The pe-
riodic recrawls behave as a form of polling. These crawls
effectively refresh the lifetime of data products that still ex-
ists, remove entries for dta products that are absent, and add
entries for new data products. Though this does not happen
in precisely this manner, i.e. as an incremental update of the
index, instead rebuilding the entire index, this does achieve
the lifetime management of the data resources.

5.5..Handling Failures

(FIXME: Retain section of there is space)
Exponential backup metadata,

backup catalogs and recrawl,

softstate lifetime,

exponential backoff when crawling,

5.6. Related Work

(FIXME: Organize)

Most Grid systems have some form of information ser-
vice. The Metadata Directory Service in the Globus project
[6, 20, 21] has extensions that support the Grid Resource In-
formation and Registration Protocols. ... Grimoires is a ser=
vice registry that supports sematic annotations [23]... UDDI
and LDAP provide standards for directory services and sev-
eral projects have extended these protocols to their needs
[18, ?]... Several web serviceegistries also exist [?, 3, ?]...
myGrid provides service annotations. myLEAD provides
data catalogs.

6. Future Work and Conclusion

The Resource Catalog has been deployed and in use for
over 18 months in the LEAD project. It presently has 100’s



of service resource entries and about 60,000 data products
registered. It is continuously being improved with an in-
tention of scaling to several 100,000 data products. There
are two key improvementa that can acheive this. The crawl-
ing of external catalogs needs to be more adaptive. This
can be done by first doing an incremental rebuilding of in-
dices when crawling, propagating only the delta changes
about newly added and removed data products. Addition-
ally, the crawl frequency can be adapted dynamically so that
the THREDDS catalogs can migrate between buckets based
on the frequency at which the'erawls find new updates. For
example, the crawl frequency may have been set at 30mins
for all THREDDS catalogs by an administrator, but if some
catalogs are found to be updated only every 120mins, we
can use heuristics to index those catalogs at a lower fre-
quency. We are also working to improve the query scala-
bility using'Lucene by generating pre- ltered indices based
on temporal ranges. Temporal ranges inevitably form a part
of every data product query and building specialized sub-
sets of indices over predefined intervals, say “Now through
24 hours backor “within the past week > would reduce the
search space drastically and reduce the memory footprint
required to execute a query.

We have described our experienees buildinginformation
services for different types of resources in the LEAD Cy-
berinfrastructure project...(FIXME: clean end)
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