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Abstract

Grids allow large scale resource-sharing across diffeadntinistrative do-
mains. Those diverse resources are likely to join or quiGhid at any moment
or possibly to break down. Grid monitoring tools have to adapporting ac-
cess information to these heterogeneous and not reliakleoements. There
is a wide rage of types of resources to be monitored or estitiith different
nature, characteristics and so on. These issues make kheftgathering Grid
information complex to treat, and it is difficult to provideganerals ways for
accessing to all this information. In this paper we proposetaof functional-
ities that a Grid Information System should provide. We déscthe Palantir
meta-information system that has been designed for unifbaraccess to dif-
ferent monitoring and information systems and that impletsiall the discussed
functionalities. Moreover, we present real examples tteteshow Palantir has
been integrated providing the uniform. access to systertfs é@terogeneous
information providers.
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1. I ntroduction

As other Grid middleware components, monitoring servia&ho adapt to
the characteristics of Grid architecture. They should gi®wuniform access to
information and resources, ways to discover which capggslit has and how
to access it.

In the eNANOS [1] architecture we needed a new componentwbatd
allow accessing to all the information related to the esditfa Grid entity is
any software or hardware component that is able to provittermation) that
are involved in our system, i.e: Grid jobs, local processespurces and so
on. This component should integrate and merge informatiom the bottom
part of the Grid, coming from the local components of the een{such as
the eNANOS scheduler) with information coming from the tapnponents
of our architecture, in our case from the eNANOS Broker. Tawre of the
information that it would provide would be much diversifiedformation from
the resource monitoring systems, from the job monitorirsgemys, performance
predictions from predictors etc.

For achieve this goal, our first approach consisted on haaidgep study
of the available monitoring tools and try to adapt to our regaents the more
appropriate one. However, at the best of our knowledge wizeglthat any of
them matched all the requirements that we had. Using ouriexpe in Grid
monitoring and information systems obtained in the HPCegarproject [2],
we designed a kind of meta-information system that wouldiément all the
needed functionalities.

The presented system is not intended to substitute any afthies existing
monitoring or information tools. It is intended to uniformet access to all
the information provided by them. Furthermore, as has beausked in [2]
and [3], most of the HPC centers have already deployed theirsite-specific
HPC and Grid infrastructure. Therefore, an additional neguoent is to keep
the autonomy of HPC centers allowing them to use their féadriformation
Systems and Information providers.

The goal of this paper is to discuss the need of common and genmed
information protocols, information data models and infation access func-
tionalities in the Grid. We propose as a possible solutia Ralantir meta-
information, and present how the different requirements @ovided in its
design.

In the first part of the paper we present the motivations ttaig to develop
the Palantir system. In the second part we present the datielrtitat has
been designed for accessing to all the entities informatiloa architectural
components that integrate the system, and finally a desxerijgf the main
functionalities that will be provided to the Palantir users
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2. What do we need?

Usually, information systems (IS) do not use to provide fa information
that administrator or users want. For example in [2] we dtdbtat the Grid
brokers are continuously providing new types of informatiand the users and
Grid components want this to be available as soon as posdibke IS should
provide mechanisms for extend their functionalities aredét of information
that they provide.

The Grid information providers (brokers, schedulers, raymg systems
etc.) frequently allow accessing to diversified informatrath different format
and semantics. The IS that are providing access to suchmatan should
provide simple and generic APIs for query it. This properfygenerality
is especially important due the information may have d#férsemantic and
structure, and new entities may appear in the future. Ragatllis access there
are two factors that must be taken in consideration:

m The methods that the API provides: they should provide ma@shes
for discover the available entity types, its charactarsstihe information
they provide and the real entities that can provide thisrinfdion; and
mechanism for gather this information of each of this esdiiihstantia-
tions.

= The data model used for conveys the required informatiore mbdel
should not be linked to a specific kind of entities/resoufsash as physi-
calresources like hosts or network, or software resouttceapplications
or jobs).

Related to this issue of how to access the information, tises@ important
guestion that the IS should manage itself: where the infoomas stored?. In
the current Grid architectures and systems the user hastodwactly where the
information can beretrieved. Forinstance, ifthe useritfgiwants to know the
state for the job “grid123@pcmas”, he has to know that tHisrmation has to
be retrieved queering the broker eNANOS that is running erhthst “pcmas”.
This problem may seem quite obvious to solve in some smadiiitactures,
however it can become a challenge for users in bigger systems

Nowadays how to access the information is not only the unkgqyefor the
Grid consumers. Controlling to which information the usars accessing is
also a mandatory goal when installing the IS to the real prisers and Grid
systems. Security is crucial issue when accessing to tbemass information.
They should take into account aspects as accounting, uséeges, commu-
nication security etc.

It is pretty common that some resource can only be queriedsieysuor
applications that have been granted before, for instanketlom user that have
submitted a job or an administrator can know its performartegrthermore,
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the coming Grids markets, like the models proposed by Dr.yBy¥], needs
this support for become a reality.
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Figure 1. Information workflow in the Grid

The economic Grid is a clear example of an architecture #atires an
information system with all the functionalities that we badiscussed. Such
Grids have to provide access information like bills, resewrsage, users, banks
accounts etc. Itis clear that new entity types may appeadsagpear contin-
uously in such environments.

On the other hand each of these entities comes from a vepreiiff nature:
the bank entities come from the economic namespaces, \whitesource usage
comes from the computer science domain. In such dynamic medsiied
environments the IS must provide a very generic data modes data model
should be able to convey information like the users profilegad/process/job
performance etc.

The coming Grids for the 2010 are supposed to have hundrexthpusands
of elements (entities). Each of them may have the role ofin&tion provider
(IP). At this point, users/applications will not be able twkv exactly where the
information can be collected. Moreover, they will not knolwere the informa-
tion is stored and who is providing it. IS will have to implemienechanism for
discover exactly where the information that users are rewguis stored. For
example: we can not expect a user will know that the resousoswmption
for the job “job123@pcmas” has to be queried to the IS “eNANZESSC”, but
the consumption for the job “jobl124@kadesh” has to be qdedeMDS.
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Figure 1 exemplifies a situation where a unified mechanisna¢oessing
the information it is required. There are four different gmnents (a financial
entity, a StorageSystem, an HPC-Resource and the useralftahave the
role of IP. Each of this components may use different IS fdolighing its
information. When the components have to interact betwieem} they have
to be aware of the format used for querying them, the form¢étefeplies, its
semantics etc. Clearly this situation becomes unsustainatien the number
of information providers increase.

3. What can we do?

We carried out a deep study [5] about the more representativemation
systems available in the research area as a basis of ound&ipus Monitor-
ing and Discovery Service (MDS) [6], GridLab Mercury [7], M®rk Weather
Service (NWS) [8], CrossGrid OMIS Compliant Monitoring giee for the
Grid [9], and Ganglia [10].

We did not found any of them that exactly match all the requests that
have been discussed before. The main lack was the possibdiktending their
functionalities and providing generic and uniform accessltheir information.

However, all these IS provide very useful information. Asleaf these
systems is mainly specialized in a specific domain, it is &blgrovide a high
quality data about its namespace (job monitoring, resom@etoring etc.). At
this point we the question was: why not unify the access tthalie I1S?

This question was the base for the Palantir meta-informatystem designs
(see Figure 2). Its main goal is provide a uniform access ¢onthole Grid
information providers.
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Figure2. With a unified protocol



6
4.

Palantir in the eNANOS system

Currently, we are mainly focused in providing access toredldcomponents
that are involved in the eNANOS architecture plus some derhis uniform
information access will simplify notoriously the collemti of data done by all
the elements of our system. Figure 3 shows all the informatioviders that
are being currently integrated as a part of the Palantialilasion done in our
system. Mainly there are four kinds of information proviter

5.

Resource monitoring IS. (Ganglia)

Job Monitoring IS. Including both Grid and local job monitay infor-
mation (with information such as job / process / thread perémce).

Performance predictors. IS Including NWS and a set of ptedicodules
that have been designed by our research group.

Service state information IS (MDS). They will provide infioation about
the state of the services that used by the other componekc@tions
etc.).

Progress and performance indicators API. It will providéhbabsolute
and relative information about the progress of the apptioatthrough a
library and a run-time included inside the eNANOS framewdr].

ENANOS NETWORK
WEATHER
Broker LEERE SERVICE

Grid Job Info

Palantir ENANOS
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g Scheduler
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‘) » Local Job
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Thread |
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Figure3. Palantir in the eNANOS architecture

The Palantir data model

The abstract Palantir data model is composed for two elesném Entities
and the Entity Metrics. The entities represent the conetmiements of the
systems that can contain information suitable to be reqdestThey are not



Towards Uniformand Transparent Accessto the Grid Information Using the Palantir 7

required to be physical resources. For example, hostsojoagplications are
considered to be entities. Each entity has associated &raetrics that contain
specific information. For instance the metric elapsed tisne metric that can
be associated to the entity job. Each entity type has a sastarnitiations: for
example the entity host may the instantiations “hostldssc.*host2.bsc.es”
etc. The attributes for the entity are (see Figure 4):

Its name. That must be unique in the system (such as Job¢cmesic).
Its description. That contains a human readable desamipfithe entity.

Its key. That, using the XML Schema technology, describesthis en-
tity is identified. For example the key for the host entity haycomposed
by its hostname or by its IP address (or both).

Its namespaces. It contains a set of URIs (Uniform Resoutestifier)
identifying the semantic spaces to which the entity belongs

Entity Metric
-Mame FDescription
-Drescription = FParameters
ey - Result
-MNamespace 1 " HsRef

Figure4. Abstract Data Model

An entity may have associated a set of metrics; each mesichals a set of
predefined attributes:

Its name. That must be unique to the entities to which it is@ated.
A human readable description of the information that it jfes.

Its parameters. Using also the XML Schema technology defireepa-
rameters that can be provided to Palantir when requiringpitéent to an
instantiation of a given entity. For example the entity Rrext requires
the job id as a parameter when querying for its metric JobRuefre-
diction.

The XML Schema that describes the format of informationmetd when
queryingits content. Incase thatthe metric contains agate to another
entity instantiation this will indicated by the Booleanr#iiite IsRef.

The model presented until this point is the abstract modelwéver in the
systems where Palantir is installed this data model is difirsing concrete
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Figure5. Palantir Data Model example

entities (not the instantiations). For example the Figupresents a possible
Palantir model that could be specified in a system where rimdition about

users and its jobs is provided.

Different Palantir systems may be installed in differeninéins. Each of
these installations may have a different concrete moded. cbimcrete model is
mainly designed taking into account to which informatiosteyns the Palantir
is providing access. When a new IS is added to an install@8aoncrete data
model may vary. If this new IS provides new information thas not included
in any of the already defined entities the Palantir admiaiists can choose one

of the three following options:

= Creating new entities that will provide information abolé thew con-

ceptual elements.

m Extending the definition of an existing entity adding new riestto it.
For example, in case that the new IS provides performancoeniation
concerning the running jobs, the metric Performancelndiceould be

added to the entity job.

m Extending the definition of an existing entity creating a sultity. The
proposed model is a UML like model, and entities may inhéuwt defi-

nition of other entities.

However, this analysis will not always be required when aft@ will be
installed in a particular architecture. There will be a dgtredefined entities

Debt

has metric
Y

Banck
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whom design will be based on a set of IS (Ganglia, NWS etcivifieavailable
when building a concrete system. Furthermore, future eessmay include
semi/automatic methods for derive this actions.

6. ThePalantir system architecture

In this section we present the overview of the architecthat allows gath-
ering the information for each of the instantiation of thé¢itees available in a
concrete installation of the system.

Figure 6 provides a general view of the system architectuks.can be
observed there are three top architectural componentbe abp there are the
Palantir Access Points that allow the uniform access to Heeslapplications
to the system; the Palantir Gateways are the intermedigtedahat control the
access to the information providers installed in each otdrgers joined to the
system; and finally, the bottom components of the systemharinformation
modules. They are the responsible of gathering the reqinfednation to the
different IP/IS.

6.1 Theaccess points

The first layer is integrated by the Palantir Access Poin®)(Ahese com-
ponents provide a uniform view to the end-user/applicatbthe whole in-
formation that is available in the system. They must knowcllgenters are
available to provide information.

When the end-user/application carries out a query to thatAeirects it
to the appropriate Palantir Gateway or Gateways that aeetaljpprovide the
required information. Animportant question to addres®is the AP knows to
which GW have to connect when the end-user/applicationsnegjinformation
about a given entity. The system distinguishes between tadslof entities:
persistent entities and the temporal entities.

The persistent entities are non-volatile entities thak rginain available in
the system for a long time. Examples of this kind of entities dost, cluster,
performance predictor, storage system etc. For them tladase stores among
other data in which Gateway/Gateways its information isexto For example
in Figure 6 the Palantir AP will know that the entity "job21@pas" can be
queried in the Gateway installed in the BSC Center.

The temporal entities are volatile entities or with a lirdiEmount life time,
for example: jobs. The AP identifies the GWs where this infation can be
gathered analyzing the entity key. If the key is in the consdd®rm, a subset
of this key must identify a persistent entity that will be ds$e find out in which
GW the query has to be done. However, as not all the tempatitieerwill be
able to satisfy the above property, a temporary entity caaldeidentified by
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a direct links. This directly points to which module/s théommation can be
retrieved (such: “gw[id="X'}/module[id="MDS1’)/entityid="job1'T").

The management of this kind of keys should be transparemeiager. As will
be presented in the following section, the system providest af discovering
methods that allow to the clients to retrieve this kind ofkein this cases the
user does not have be aware of what the key means.

The protocol used from the application to this access peibased on the
generic protocol presented in the following section. Marmpadrtant is that
client does not have to be aware to which information systesrfinal queries
are done, abstracting it to the complexity of the underhgpgtems.
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e b

Virtual Organitzation '
I

Palantir Met; formation
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Figure6. eNANOS and GRMS modules

6.2

The main task of the gateway is choosing the appropriate fedtat will
process a given query. It stores a data base with all theemstitat are available
on underlying modules. When entity information is requiiteskarches in this
database where it can be retrieved. The mechanism useddiolede which
modules the information is gathered is exactly the sameeaertbe presented
for Access Point.

The gateways
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6.3 Information systems modules

Finally, at the bottom part of the architecture, the modalesresponsible
of carry out the final queries to the information or monitgrsystems that they
represent.

At this level, modules must know how the queries have to beedorthe
systems. Foreach monitoring or information system thabeaqueried through
the Palantir, a module must be implemented.

6.4 An example: integrating two different job monitoring
approaches

Figure 6 shows two different modules that have been devdlfgpeccessing
the job monitoring information of two different systems [12he eNANOS
module integrates job information coming form differentrgmonents of our
architecture [1]:

m  The eNANOS scheduler provides general information abduhaljobs
that have been submitted on the local hosts.

s The eNANOS Performance Monitor provides information regag the
progress for the different processes that are running ih east: the
achieved MFLOPs, the load balance level etc.

=  The NANOS CPUManager provides information about how thiedéht
jobs/process/thread are behaving on the resources.

= The eNANOS Broker provides information about the jobs tleetbeen
submitted to the Grid: stagein files, stageout files, ressuetc.

When the eNANOS module receives a query about a certain jabionite
gathers the required information using the different ARPIat tthe presented
components provide (such as PSinterface of the CPU Manaigére getBal-
ancelLevel of the Performance monitor).

On the other hand, the same Palantir architecture allowstanimg the jobs
that have been submitted to the GRMS broker [13]. The GRM&®aModule
access to the GRMS monitoring information using the interf@etJobPS that
returns a set of XML documents the monitoring informatiom &job that
has been submitted to the broker. Using XSLT the module foams these
documents to the Palantir protocol format.

In this example, the end-user/application is able to adng$s the job moni-
toring information that comes from two different systemélfwdifferent mech-
anisms, different interfaces and different formats) udimg standard format
and protocol proposed in Palantir.
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7.  ThePalantir protocol and interfaces

The API is divided in three main parts. The first one is a set ethods
that allows starting and ending communications betweehoaized compo-
nents and the meta-information system. The second set dfoaetallows
discovering which type of features (such as entities typerics and entities
instantiations) and methods are available. And finallythivel type of methods
allows gathering the metric values for the entities instdions.

7.1  Connecting to theinformation system

These mechanisms allow the user to be authenticated agiaénsistem.
The accounting can be used if the underlying systems allemthHowever,
the security object always will be used for carry out a secoremection. Two
main methods will be provided: the StartCommunication gp@secure con-
nection with the system; and the CloseCommunication cldsegonnection
and invalidates the security objects.

1 <AvailableEntities xmins:xs=http: //mnww.w3. org/2001/XMLShara>

2 <l— List of resources availables —>

3 <Entity name=host">

4 <DescriptiopThis resource allows to carry out queries about the resource
hos&/Descriptiop

5 <key>

6 <xs:element namé&host">

7 <xs:complexType

8 <xs:choice

9 <xs:element namé#p" type='xs:string" />

10 <xs:element namé&hostname” type="'xs:string" minOccurs=0"/>

11 </xs:choice

12 <Ixs:complexType

13 <Ixs:element

14 </key>

15  </Entity >
16 <Entity namezapplication">

17 <Descriptiop-This resource allows to carry out queires about the software
resource applicatiod/ Description-

18 <key>

19 <xs:element naméapplication">

20 <xs:complexType

21 <xs:choice

22 <xs:element namémame’ type='xs:string" />

23 <xs:element namé&version" type='xs:string" minOccurs=0"/>

24 </xs:choice-

25 <Ixs:complexType

26 </xs:element

27 </key>

28  </Entity >
29 </AvailableEntities

Source 1: GetResourcelnstantiation
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7.2  Discovering the available features

The meta-information system, as itis providing a wide rapigaformation,
and it is using several underlying systems, provides waylisttover how to
query it and what information can be gathered. Below aregmtesl all the
methods that have been defined for provide these functimsali

m  GetEntitiesTypes: Returns the list of the types of ent#iesilable on the
system. An example of a returned XML is shown in the Source derU
can filter the information to be retrieved, for example onijitees types
that concerns computational resources and forecastiitipent

»  GetEntitylnstantiation: Returns the list of instances pfavided entity
type. For instance, user may know the list of entities of tyipest”.
As the GetEntitiesTypes method, the Palantir client carcifpsome
parameters for filter the instantiations to be retrieved.

m  GetMetricInfo: Returns information about a particular rieedf a partic-
ular entity or resource. Forinstance, calling getMetfig{tapplication”,
“predictionjob.memoryusage”) we could obtain the XML document
presented in Source 2.

1 <Metric>
2 <Name-predictionjob.memoryusage/Name-
3 <DescriptiopReturns a prediction of the memory that a given applicatioitl wse

if executed.
4 </Descriptiop
5 <Parameters
6 <xs:element namé&Parameters*>
7 <xs:complexType
8 <xs:sequence
9 <xs:element namé&AppNane" />
10 <xs:element namétost" />
11 <xs:element namé&tiser” />
12 <— ETCETERA—>
13 <Ixs:sequence
14 <Ixs:complexType
15 <Ixs:element

16 </Parameters

17 <— ETCETERA—>>

18 </Filters>

19 <Notifications>

20 <Periodic available*no" />
21 <Punctual available4yes" />
22 <I/Notifications>

23 </Metric>

Source 2: Sample of output for the GetMetriclnfo
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7.3  Getting the entity information

The client can retrieve the metrics values of a given entigyantiation using
the GetMetricValue functionality. The input for this methis basically a set of
entity instantiations identifiers plus all the metrics tthet client wants to know
about each of them. Each metric can be parameterized. Fanggsthe metric
JobsList for the entity Scheduler can be parameterized@grsim Source 3.

1 <Parameters
2 <JobsMatching>
3 <FilterByDate>
4 <BetweenDates
5 <StartDatg1136208170544 StartDate
6 <EndDate1136380970544/ EndDate
7 </BetweenDates
8 </FilterByDate-
9 <FilterByState
10 <StateFALED</ State-
11 <StateSUSPENDERY State-
12 </FilterByState
13 <SubmissionDate
14 <BetweenDates
15 <StartDate1138886570544/ StartDate
16 <EndDate1136380970544 EndDate
17 </BetweenDates
18 </SubmissionDate

19 </JobsMatching
20 </Parameters

Source 3: Parameters for the metric JobLists

8. Conclusions

In this paper we have discussed the need of a new Grid compdimen
has to provide a uniform access to the whole Grid informatidhe current
Grid architectures are composed by different types of imdion systems that
provide: different access methodology, different formdbimation and se-
mantics. We can not expect users neither applications tw lax@ctly how
each of this IP has to be queried. This situation result irustaénable and
non maintainable Grid architectures, where all the infdromaconsumers are
highly dependant to the changes that the different IP mag.hBurthermore,
adding new information systems can result in importante®uedefinitions in
the already deployed consumers or, in the worst, cases idesign of their
internals. This problem will become dramatic if the numb&Goid IP and
consumer components increases as it is expected.

We also have presented the problematic providing seveeahpbles where
this component would help to simplify the overall Grid irdtaucture and the
relations among the different information producers/comsrs, and it would
make the system more extensible.
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As a solution proposal, we have presented the Grid Palasta-+mmformation
systems. We have described how it uniforms the access toetiff monitoring
and information systems and how its functionalities arevigied and imple-
mented. Ithas been shown how it abstracts the access teedifféata providers,
and it has been demonstrated to be useful in situations vehexgy wide range
of information is provided. A real use cases of how this syst&s been inte-
grated successfully in some architectures have been Hedcri
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