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Abstract

A Grid Resource Broker for a Grid domain, or also known as rsetseduler,
is a middleware component used for matching works to aveil@loid resources
from one or more IT organizations. A Grid meta-schedulemaillginas its own
interfaces for the functionalities it provides and its owh gcheduling objectives.
This situation causes two main problems: the user unifortesscto the Grid is
lost, and the scheduling decisions are taken separatelg thiely should be done
in coordination. These problems have been observed inreiffeefforts such
as the HPC-Europa project but they are still open problemsthis paper we
discuss the requirements to achieve a more uniform accelse tBrids through
a new approach to global brokering. As the results of theseudsions on
brokering requirements, we propose a meta-brokering desig called meta-
meta-scheduler design, and discuss how it can be realizedeagtralized model
for the HPC-Europa project, and as a distributed model fetth Grid project.
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1. I ntroduction

In a Grid environment, a resource broker, also called metiadulet, is
usually used to manage user submitted jobs and the schgdiljobs for exe-
cution to the available Grid resources from one or more I'Roizations under
a Grid domain. A Grid meta-scheduler has its own interfacesghfe function-
alities it provides and its own job scheduling objectivesaweéver, there is not
yet a standard on the interfaces of Grid meta-schedulerppostithe interop-
erability of different meta-scheduling systems that briisgo the original idea
of “The Grid”, which promised an infrastructure to provideiaiform access
to resources across different centers and institutions i$lan important issue
because typically, a large Grid environment can be compustddifferent
institutions or centers and each center would like to usevits scheduling
system. The current Grid is managed by different meta-sdbesithat man-
age a particular institution or virtual organization, ahdri the Grid becomes
divided into several independent Grids without any intéoacbetween them.
In this context, the different Grid meta-schedulers arekimgrindependently,
with different capabilities and using different languafmdescribing jobs, for
submission, monitoring and so on. Different meta-schadutirojects can be
found in literature, as detailed in Section 2. A meta-sclindarchitecture can
be based on different models, from a centralized to a digegtbmodel as it is
discussed in [26]. We also can find various approaches irdsitihg policies
such as economics [4], load balancing [25], or based on +odtéria [17].

To solve the interoperability problem between differentamscheduling sys-
tems, some initiatives have been developed. The HPC-Eymaject is pro-
viding a solution to this problem through the developmerd wieb portal to be
used as a single point of access for different HPC centerariogde [14]. In this
approach, each center implements a plug-in with its ownfsifported capa-
bilities. Next, the user chooses manually the meta-sciveglaystem to submit
their jobs. Finally, the job scheduling policies are evéddanside the context of
each center. Using the experience gained from this prajechave concluded
that the portal approach is not enough to provide a transpanegle point of
access to Grid environments as the users are still involvéd undesirable
complexity and the scheduling results may less optimal. rdfoee, we need
to extend the model of HPC-Europa and support the mechamiathpolicies
on top of the meta-schedulers; basically, brokering thel Greta-schedulers.
In addition, the idea of the interoperability between dif@ middleware and
systems was studied in other projects such as in Grid Inéeadydity Project

1in this paper, we will use resource broker, broker, and raeteduler inter-changeably to refer to a grid
resource broker. We will later define meta-broker as a brokdop of brokers, or a meta-meta-scheduler.
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[3]. More specifically, this interoperability project tde¢o work on mechanisms
to create Grids with a uniform access to both Globus and Waisgstems.

The idea of brokering on top of Grid meta-scheduler has bakentinto
account in other works such as in [16]. As a meta-broker, ¢theduler on top
of meta-scheduler should be called meta-meta-schedulezrefore, a meta-
broker can be defined as the middleware component that séfectnost ap-
propriate meta-scheduler to submit a job following a patsc policy. This
point of view has influenced the way we are extending the ampréan HPC-
Europa as we propose in Section 5. Furthermore, the OperF@ridn (OGF)
is working on some recommendations regarding interopisaliiut the work
is still in working process. Therefore, we will consider tD&F approach only
as a reference for our research activities.

In this paper, we will study the requirements for a meta-brivlg system
and we will define a set of requirements for common interfabas allows
accessing and managing different Grid meta-schedulerainifarm way and
provides users with single point of access. To achieve theaks we propose
two approaches: (1) designing and implementing a centiclizeta-brokering
system on top of the different brokers; and (2) designing iamglementing
a distributed meta-brokering system by communicating ifferdnt brokers
with a set of protocols and a certain agreement. For the figtaach, we
present a design in which we are working on the eNANOS [25hé&aork as
an extension of HPC-Europa JRA2 activity, and for the seapmroach, we
present a design based on the LA Grid meta-brokering prfjégt

The rest of this paper is organized as follows. In Sectionepresent some
of the current approaches in meta-brokering. In Sectioné8smwnmarize the
work done in the HPC-Europa and the lessons learned in theresgents of
meta-brokering. In Section 4, we discuss the requiremaemdsaachitectural
elements of ideal meta-brokers for Grid environments. IctiSe 5, to provide
the meta-brokering functions as described in Section 4,rateliéscribe a design
extension for the HPC-Europa as a centralized model; thedeseribed the
distributed design approach of LA Grid meta-brokering gctij and finally we
summarize the models in a table. In Section 6, we present som&usions
and some roadmap for our future works.

2. Related Wor k

Several projects regarding Grid meta-scheduling can bedfauliterature.
Both specific and general-purpose initiatives have beegrldped during last
years, and some of them are presented as follows. CondoBJGgbased
on the Condor approach for Grids that combines the interaitormesource
management protocols of the Globus Toolkit and the intnaala resource
and job management methods of Condor. AppLes [2] is a prtgegeted to
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Figure1l. General meta-broker architecture [17]

the application level scheduling. GridBus [20] is an ecoparapable Data
Grid service broker for scheduling distributed data oedrdpplications across
Grid resources. GRMS [9] is an open source meta-schedwsigra, which
allows developers to build and deploy resource managenystérss to large
scale distributed computing infrastructures. The Grid\ivagnework [10] is a
component for meta-scheduling in the Grid Ecosystem irgdridr end users
and Grid applications developers. The eNANOS project [29Jased on the
idea of having a good low-level support for performing a gbagh-level HPC
scheduling.

There are some initiatives regarding the interoperabditgifferent meta-
schedulers [3]. The Grid Interoperability Project (GRIP) avas to realize the
interoperability of Globus and Unicore combining the umairength of each
system and to work towards standards for interoperabifitgeta-scheduling in
the OGF. This goal has been achieved in a real testbed antigheyextended
for different meta-scheduling systems, as in the HPC-Eumpoject that is
described in Section 3.

Interms of meta-brokering, an abstract architecture hess peposed in [16]
and the objectives are similar to those discussed in HP©gaL[14] or in the
interoperability project [3]. The architecture of thesegsals is similar. They
are based on a meta-broker model that receives the job ssibmignd manages
the resource brokers with some data information, as it isvahin Figure 1. In
this paper, we present new designs of meta-brokering thiahdg the work
done in the Grid community and leverages our experiences if{BC-Europa.

As the Grid standardization organization, the OGF is wagkin scheduling
architecture in the Grid Scheduling Architecture Rese&obup (GSA-RG)
[22]. This group has worked on a scheduling hierarchy and:dmmunica-
tion between scheduling instances. Recently the group thated working
on interoperability and on a proposal regarding the intewadetween Grid
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schedulers. The OGSA Resource Selection Services WorkioggQOGSA-
RSS-WG) [21] will provide protocols and interface definitgofor the resource
selection services portion of the Execution Managemeni&es (EMS) part of
the Open Grid Services Architecture. The Resource Sete&@vices (RSS)
consist of the Candidate Set Generator (CSG) and the Eredatanning Sys-
tem (EPS). The CSG can be used to generate a set of compatatisources
that are able to run a job in general, while the EPS uses #hi®ldecide exactly
what resources to run the job.

We take into account the OGF recommendations as a refereimceur
approach, we promote a more practical point of view as weldpw@ meta-
brokering system in real environments with particular ohs.

3.  Lessonslearned from the HPC-Europa project

One major activity of HPC-Europa project is to build a pottedt provides a
uniform and intuitive user interface to access and use ressudrom different
centers. As most of the HPC centers have already deployédadtia site-
specific HPC and Grid infrastructure; therefore, an impurtaquirement is
to keep the autonomy of HPC centers by allowing them to usie féeorite
middleware, local policies, and so on. For instance, thesecarrently five
different systems that provide a job submission and basmtaoring function-
ality in the HPC-Europa infrastructure: eNANOS [25], GRIAddleware [8],
Grid Resource Management System (GRMS) [9], Job Schedtliatarchi-
cally (JOSH) [15], and UNICORE [28]. Additionally, eNANO&RMS and
JOSH use the Globus Toolkit to access underlying resouncesded for the
HPC-Europa infrastructure.

The Single Point of Access (SPA) effort of HPC-Europa presidwo sets
of interfaces to application users. Firstly, a genericriatee set that can be
used by all users for most of their batch applications. Te #nd, this uni-
form interfaces are provided for the most relevant Grid fiomality identified
from a requirements analysis of the centers. The key setnatifunalities has
been determined to be required for the realization of the: g®Asubmission,
job monitoring, resource information, accounting, auitetion, and data man-
agement. Secondly, an application-specific set of pordietdeing developed
to allow users to manage more complex (e.g., interactiveequiring many
specific input parameters) applications in a straightfodwaanner.

In order to provide end-users with transparent access turess, we de-
veloped a mechanism responsible for the management ofromifaterfaces
to diverse Grid middleware. Using this mechanism the SiRglmt of Access
enables dynamic loading of components that provide acodle functionality
of specific Grid middleware through a single uniform intea These compo-
nents are called plug-ins in this context (see Figure 2) s&lmiform interfaces
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Figure2. HPC-Europa architecture with the proposed extensions

are based on standards where possible (e.g., JSDL for jobissibn [23]) and
functionalities provided by Grid middleware deployed inEiEenters.

From the end-user perspective, a uniform GUI is providedlisiaommon
for all systems deployed in the HPC-Europa infrastructurbis GUI can be
dynamically adapted to particular systems and still keegtime look and feel.
Only slight modifications such as disabling fields and lingtiists of values
are allowed. When a user wants to submit a job, the user isreebio choose
the center to which the job has to be submitted and to spdsifgquirements.
There is no global scheduling and the brokering is done mbnrinathe user.

To this end, we have implemented the ability to check thetfanality of
every resource broker system by retrieving the capatsildfesite-specific plug-
ins. These descriptions of the implemented capabilitieseturned in the form
of the appropriately constrained general XML schema. A {iuggturns two
descriptions: a description of the methods it supports asebsaription of data
structures (e.g., job description). In [23], this mechanis described in more
detail using the Job Submission Portlet as an example.

4. Design of Meta-brokering
4.1 Requirementsfor Meta-brokering

From the experiences in HPC-Europa project we have obsewert re-

guirements that should be taken into account when devej@pineta-brokering
system:
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1 Global Addressing Mechanism: We need a mechanism to adthies
different involved resources. In this case, the main reszsiof a meta-
brokering system are brokers or their services, nottheiress to execute
the job.

2 Common Capability Description Language: Since each bnplavides
its own set of functionalities, it is required to have a CalitgbDe-
scription Language (CDL) to describe all the services céifiab (e.g.,
submission, monitoring, accounting, and control).

3 Common Job Description Language: To eliminate the conitglekeach
broker having its own job description language, it is reggito have a
common language for describing jobs, requirements and so on

4 Global Job Identifiers: It is very important to have uniquapping of
Grid jobs to different brokers and to the local resources.implemen-
tation can be done using a single jobID provider for the ntetkering
system or just using each broker system to argument the gotiifta-
tions. In any case joblDs must be unique.

5 Unified Notifications Mechanism: It is required a common heggsm
or protocol to notify events. The system can receive notifica from
any broker and the notifications should be handled in the seaye

6 Unified Monitoring Mechanism: Since each broker has its avay to
return the monitoring data, including mechanism, data gmquekschema,
itis necessary to have a common mechanism and schema faiomiragpi

7 Unified Accounting Mechanism: Usually the selection oforgses is
done using the accounting information especially whenegvopolicies
are applied. For meta-brokering the selection of brokensbeadone in
a similar way.

8 Unified Agreement Mechanism: A meta-brokering system saedech-
anism to make agreements between brokers. The agreememmsn
and an API are also required to establish protocols to conmatembro-
kers.

9 Common Scheduling Description Language: We need a Sahgdé-
scription Language (SDL) to describe the scheduling céifiabithat a
broker provides (e.g., depending on the user or the usetsrcarbroker
can offer a policy with more or less priority), and global exarokering
policies.

In the Grid environments, this is especially important lseathere are in-
teractions between several components and the differgarbaghes can be
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originated from different contexts. In HPC-Europa, we addghe standards
proposed by the OGF wherever it was possible. For the ragemés listed
above, we propose to use at least the following set of stasddSDL 1.0 with
some extensions for job description, WS-Agreement for ¢fieement protocol
between brokers, and WS-Addressing for addressing reseurgeneral.

Other APIs and schemas are yet to be defined to address thindema
requirements listed above. As an example, some schema sttich ane used
in HPC-Europa project and presented in [12] can be used foitoring.

4.2 The Architecture

To meet the requirements listed in section 4.1, in this papempropose
two meta-brokering models. On one hand, we consider theated model
which is suitable for a limited number of centers and infits. This is
the model considered in the HPC-Europa extension. On ther didind, we
consider the distributed model for the LA Grid meta-scheduproject, which
is more suitable for more dynamic environments with a higioenber of centers
and institutions (i.e., centers can be added to the intretstre dynamically).
Moreover, the distributed model is more appropriate forertoeterogeneous
environments [19] such as the case of the LA Grid, which cacooeposed of
different kind of resources, from a collection of desktopsR&supercomputing
centers. These two different models are discussed lateosec

4.3  The Scheduling

In addition to the architecture model and the required fatess, there is an
important functionality such as the scheduling at the nietker level. We
can implement different kind of scheduling policies depegdn the kind of
information we have at the meta-brokering level. On one hé#rtie meta-
broker has information about the details of the resourtesn implement the
typical scheduling policies studied in the literature, lsas in [1] or [4], but
extending them to a larger amount of resources with the Idexexl brokers
acting as job dispatchers and execution entities. On thex bdnd, if the meta-
broker does not have any information about the resourcesmgdas certain
information about the brokers, we can implement other kihpaticies. One
of the possible meta-brokering policies can be based onapahilities of the
brokers. In this case, the selection of the appropriate drioff system can
be done using a multi-criteria algorithm that can take irdcoant the brokers
capabilities or even dynamic information, prediction ancda. Another kind
of policies can use accounting information to select the@mjate broker for
a given job in a particular situation. This kind of policiesaps directly to the
economic paradigm.
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Furthermore, a meta-brokering scheduling algorithm caim@emented
many approaches. For example, in BSC we are currently wgrimpolicies
that use the historical job/resource information to tagksdheduling decisions.
We are designing data mining techniques that uses theibetorformation of
Grid resources usage, Grid workloads, and a minimum sebafquirements
(e.g., executable, number of processors and input files}titmate variables
about: (1) the job requirements, which estimate how muchgssor, disk and
memory a job will use; and (2) the future state of the différesources evolved
in the Grid, which estimate, for instance, how much free speitl be available
in a given host, or what load it will have in a given future time

We derive this information by correlating the past exeadiof similar jobs
using similar resources, or with similar future load usimgikar prediction
techniques that have been proposed in other works in terjob performance
prediction [5][7][11][27] and resource usage [6] but usi@gid workloads.
In terms of meta-brokering scheduling, we are designingrtiggies that use
this information for matching jobs to the resources that bétter satisfy their
requirements.

In this paper we discuss the importance of the scheduling foeta-broker
approach. However, we do not present any particular resghise we do not
dispose of a testbed or simulation environment for a metidsmg system yet.

5. Meta-broker designs

In this section, we will provide the detailed designs of teatcalized and
distributed models of meta-brokers.

51 HPC-Europa Extension Proposal

In this proposal, we extend the solution in the HPC-Europgept by adding
a meta-broker on top of the individual brokers in such a waytthe scheduling
decisions are taken depending on the capabilities of thiwichl brokers.
Thereby, we add a functionality to make the selection of daoker or center
in the meta-broker.

This extension should include new services to perform rbetliering. As
we have identified in the list of requirements, the HPC-Earirastructure
should incorporate a new module for the broker schedulisghaduling plugin
for each center, a language to describe the scheduling iigpabbrokers and
global identifiers management. Moreover, the meta-bro&ariaclude some
other services such as a predictor service or a historicaatdog to improve
the scheduling techniques.

The idea is to design a system following the OGF standardsasithe JSDL
as a language for describing jobs. In Figure 2, we show thataoture of the



10

extended version of the HPC-Europa approach. The exteissimtinguishable
by the dark shading.

This meta-broker approach allows the incorporation of soheduling func-
tionality at the meta-broker level (“SPA” in Figure 2). Fotaenple, the meta-
broker can store some useful information to improve the dulimy strategy
(“DATA" in Figure 2). Some of this information can be the piews decisions
regarding the selection of brokers as a historical data asthe achieved qual-
ity of service by the different brokers, the average waitintg, the reputation
of brokers, or the level of availability and reliability di¢ resources under the
broker domains.

In the new architecture, the meta-brokering schedulingnerig responsible
for the broker selection and where to submit a job. At theglddvel, it is
evaluated one of the meta-brokering policies availabld@ftamework and,
associated to this component, a new portlet should be prdvid configure
policies and its main issues.

To map the scheduling performed in the meta-broker scheglelngine fol-
lowing the scheduling capabilities of the different brakeve need a new plugin.
This plugin implements the scheduling APl and provides timefionality sup-
ported by each brokering system. Therefore, to define tredsdimg capability
of the different center (brokers), we need a schedulingrgesm language.
This language should include the scheduling policy cajiegs) such as the
quality of service, priorities, the support for co-alldoats and for advanced
reservations, economic issues, or the scheduling polioyiyaFor example, in
eNANOS we can offer as a scheduling capability the loadriztey of parallel
applications in run-time or the support for MPI+OpenMP &milons [25].

Finally, to allow the portal managing jobs coming from ak tbenters, we
need global identifiers mechanisms. To obtain global ifiersi we need a
new service (global identifier manager) that should be adokesfrom all the
services and through the centers plugins. The global iilenservice should
not modify the rest of services; the different brokers std@upport this new
functionality via the plugins. The Universally Unique Idéer (UUID) [29]
seems to be a good candidate as identifier standard. It isinssaftware
construction, standardized by the Open Software Foundé@&F) as part of
the Distributed Computing Environment (DCE). A UUID is essally a 16-
byte (128-bit) number.

52 Meta-brokeringdesignin LA Grid

Latin American Grid initiative (LA Grid, pronounced “lahigf, [18]) is a
multifaceted international academic and industry pastimgrdesigned to pro-
mote research, education and workforce development aol#ibns with ma-
jor institutions in United States, Mexico, Argentina, Spaind other locations
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around the world. LA Grid has developed a global living laiory where in-
ternational researchers are empowered to build new réspartnerships and
explore the synergies of their research strengths in anehgling transparent
Grid enablement, autonomic resource management, metaring, and job
flow Management. The meta-scheduling project in LA Grid aimsupport
Grid applications with resources located and managed ferdift domains
spanned over a Grid computing cyber infrastructure. Thogept addresses the
architecture, design, implementation and deploymentissalated to meta-
brokering.

The meta-broker design in LA Grid is a distributed model witlltiple
meta-broker instances cooperate with each other to pr@iakfunctions. As
illustrated in Figure 3, one instance of a meta-broker aiasif three functional
modules: resource module, scheduling module and job mo&dsource mod-
ule is responsible for resource discovery, monitoring @onchge. Scheduling
module is responsible for locate suitable resources ordsofor a job re-
quest. Job module is responsible for management of jolytifec submission,
dispatching and execution monitoring. A meta-broker ins¢ainteracts with
existent brokers within the resource domain.

| cu 1] Webul ,
META-BROKER INSTANCE | »i smjm.t Job
% s
S o e N 5
Resource | R Scheduli Job

| d esource | cheduling | I o I
| Repository | : Module r@ Module r@’} Module |
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Figure3. Meta-broker in LA Grid
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In LA Grid, resources of different institutions belong tceihrespective
resource domains and each resource domain has a meta-lnstegrce (see
Figure 4). Inside a domain, a meta-broker instance contesisurces directly
and/or indirectly through other brokers in the domain. eafibrmer case, each
resource reports its information directly to the meta-krakstance using re-
source modules web services. Inthe latter case, an eXstadr is responsible
for reporting the information of the resources under itskc@nHow the broker
collects the resource information is within its own implettegion details. In
this way, once an existent broker is able to use web servacespbrt resource
information to a meta-broker instance, different existeokers can participate
in the LA Grid cyber infrastructure.

Each meta-broker instance collects resource informatimm fts neighbors
and save the information in its resource repository or ireanemory. The
resource information is distributed in the Grid and eachanfebker instance
will have a view of all resources. The resources informat®im aggregated
forms to save storage space and communication bandwidtampe of ag-
gregated resource information on a set of servers in a doimaiype=CPU;
speed$1G,2G}; OS=Win; quantity=3.

As shownin Figure 4, ajob requestis described in JSDL andeanbmitted
to any known meta-broker instance using web services. largéra job request
is submitted to the meta-broker instance in the same resagomain whose
address is well-known in the domain. When a job requestesyiz meta-broker
instance matches the job to a domain with the appropriaiaf sesources. The
matching algorithm is influenced by multiple factors. Onédhaf factors is the
location of resources such that the preference will be giwehe local domain
at which the job is submitted.
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If the matched resources are outside of the domain, the jdispatched to
the meta-broker instance in another domain. The existekebor meta-broker
instance that the job is dispatched to has the resourceseddyy the job and
will be responsible to dispatch the job again if necessange rEsource, existent
broker or meta-broker instance that the job is dispatchewultoeport the job
status back to the original meta-broker instance.

In summary, we define a set of web services provided by meteebrand
make the incorporation of meta-brokers easy. We store a gfeglobal re-
sources in each meta-broker instance to provide speedvroesmatching.
Thus, users can experience short response time. Thoughgstwiew of
global resource locally costs storage space and commigridzndwidth, we
apply multiply technologies to reduce the overhead andép kesimilar perfor-
mance with a incomplete view of global resources. Due toplaee limitation,
we shall report our efforts in these perspectives in a sepaper.

53 Summary of meta-brokering designs

In Figure 5, we summarize the main functionalities and soeiails for the
discussed approaches: the original HPC-Europa approaehiPC-Europa
extension, and the LA Grid project.

HPC-Europa Extended HPC-Europa LA Grid
Architecture Centralized Centralized Distributed + P2P
Addressing mechanism Plugins Plugins WS-addressing
Capabilities mechanism Plugins + MultiGrid | Plugins + MultiGrid Service Provider
Service Provider Service Provider
Capability description lang. API + XML APT + XML API + XML
Job Submission | JSDL schema + ext. | JSDL schema +ext. | JSDL schema + ext.
Monitoring XML schema XML schema XML schema
Accounting NO XML schema To be defined
Scheduling NO XML schema XML schema
(future JSDL) (as a resource type)
Agreement NO WS-Agreement WS-Agreement ext.
extension
Job Description Language JSDL 1.0 + ext. JSDL 1.0 + ext. JSDL 1.0 + ext.
Global identifiers NO YES YES
Notification mechanism NO Callbacks Callbacks
Agreement mechanism NO Centralized P2P
Security X.509 Certificates X.509 Certificates To be defined

Figure5. Summary of the main functionalities of the discussed apyres
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6. Conclusions and Future Wor k

In this paper we have discussed the convenience of the mekaring ap-
proach to achieve a single point of access to the Grid anddesaco more
resources. We also have seen how some initiatives have laeeedcout as
the HPC-Europa project. However, they need to be extendadhieve a real
global scheduling on top of different brokering systems.

One important issue to take into account is the additionaltead added
to the infrastructure with another layer. We can argue thatich layer of the
infrastructure the scheduling and management systeneisted to a particular
target. Moreover, incorporating another layer is accdpthbcause of the Grid
environment characteristics (e.g., timeouts are longer).

Furthermore, from the experience obtained from the HP@jauproject,
we have presented the main issues to be taken into accouatétng a meta-
broker. We also have proposed to use some standards to iepiesmch an
extension. We have observed a lack of a consensus in thetidefiof the terms
used in this area (meta-scheduler, broker, meta-brokdrsamn). We miss a
formal definition to avoid confusions.

As for the future work we have presented two ways to achiegenibta-
brokering approach. On one hand we have presented a prdposatending
the solution developed in the HPC-Europa project providimye autonomy
and performance. On the other hand we have presented ariaveasf/the
distributed meta-brokering system being done in LA Gridjgxb Finally,
we think the main line of future work regarding the meta-lenikg research
is toward further investigation for scheduling policiesttiill allow the new
Grids to become transparent, autonomous and efficient.
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