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Abstract—Much wor|

gorithms and multi-type grid scheduling. SmartGRID
uses a layered architecture and aims at filling the gap between
grid applications, which act as the resource consumers, and the
grid resource low-level management systems, which behave as
the resource providers. To achieve this goal, SmartGRID uses
an autonomic and evolutional grid community composed of
its grid schedulers, the MaGate scheduler [2].
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Two approaches are currently available for discovering
candidate nodes for a specific task. The first approach assumes
that each node has partial knowledge of up to six direct neigh-
bor nodes, which are maintained by the resource discovery
service of the host node. When the host node requires the
discovery of a remote node with the required features, in order
to delegate a job, the direct neighbors list is exploited with the
node negotiating job delegation with each member.

In the second approach, when the host node joins an existing
bounded grid community, it prepares a profile named agree-
ment offer to disseminate its capabilities across the community.
We assume that the aforementioned public profile is kept up-
to-date through nodes lifecycle. This approach is not limited
to one community only: each individual node is free to join
multiple existing grid communities, thus publishing different
capability profiles.

Currently the discovered information for each specific task
is discarded after its usage. We aim at extending this model
such that each node of a SmartGRID community might also
be capable of keeping a metadata snapshot of known remote
nodes, in order to facilitate a more efficient and intelligent
behavior towards relevant scheduling decisions. Moreover,
as the SmartGRID architecture strives to provide intelligent
scheduling for the scope of serving the grid community as
a whole, not just for a single grid node, our extended work
is also concerned with the design of a scheduling strategy
supporting the combination of various interoperable bounded
grid communities.

In general, the mission of a grid scheduler is to discover
appropriate resources for executing jobs across a grid commu-
nity. Our vision is that of a wider grid community scheduling
process is able to exploit resources in large and partially
unknown grid communities, and dealing with continuously
changing job queues. Thus, since each community node is
supposed to receive jobs from both its local and remote
grid communities, management of the job queue must deal
with a more dynamic, fluid and unexpected environment. It
is our goal to ensure robustness, reliability, efficiency, and
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propagate ants in the SSL in order to provide nodes with
availability and status information. Current MaGate resource
discovery service either utilizes partial knowledge stored in
a node’s cache, or delivers search queries to match individual
job delegation requirements with published node profiles from
the known bounded grid community. To achieve this, the SSL
is employed to hide the complexity and instability of the
underlying network by utilizing ant algorithms. These ants
function as lightweight mobile agents traveling across the grid
network, collecting information on each visited node.

We now want to extend current functionality by enabling the
MaGate resource discovery service to utilize more knowledge
that can be made available from the visited nodes. In this
respect, we propose that for every time a node, n;, delegates
a job to another node (with no regard to the possibility that it
might be a member in multiple VOs) such as node n3, node
ny is required to keep an instance profile with regard to the
parameters which have been used to discover it as a resource
originally, as well as, the quality of service provided by node
ns. In a similar way, it is expected that every time a node,
n1, delegates a job to ns, node n; has to update the profile
about ng in its cache. We suggest that this is a bi-directional
commodity and thus, we expect that node, ns will also keep
an instance profile about n; in its cache. We also assume that
a node n; stores as many profiles in its cache as the number of
previously visited nodes. Our shared vision is to enable nodes
storing meaningful information that can help assist them and
their critical friends at a later stage.

Apparently, these profiles residing in each cooperating node
can be sustained or even evolve over time and act as the tool
towards decision making for delegating a job next time. That
is, a calculation as an aggregative and weighted value repre-
senting the (strength or else) critical friendship relationship
between nodes that previously cooperated, could significantly
improve the decision making towards a job delegation to a
particular node (or cluster of nodes) that is available from a
pool of discovered resources across the wider grid community.
Such a notion clearly provides a richness not seen in any other
resource discovery or job delegation model.

C. SmartGRID Extended Model Architecture

We are interested here in describing the novel inter-
cooperative process and the related events sequence in order to
illustrate the extended SmartGRID architecture. This involves
ants as agents acting on behalf of neighboring nodes in order
to enable the MaGate scheduler to discover, decide and assign
job delegations on suitable resources. To achieve this, we are
using the aggregative case scenario (ACS) below. Figure 3
illustrates this low-level architecture.

ACS: Let us assume that a VO;, consists of 8 nodes
(nodes n; ... ng). Let us assume that a VO,, consists of
6 nodes (nodes my, mg, ... n13). Let us also assume that
a node, ny in VO; wishes to delegate a job to another
node n?, using ants as, a4 and a7, which are propagated
according to queries issued by the MaGate resource discovery
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service. The following sequential steps describe this novel,
inter-cooperative process:

1) Node n; in VO; invokes its ants as, a4 and ar;

2) Ant ay contacts the neighboring node no (that is a
critical friend: cf; 2), ant a4 contacts the neighboring
node n4 (that is a critical friend: cf; 4) and ant ar
contacts the neighboring node n; (that is a critical
friend: cfi 7, note that node, 77 is a member of both
VO; and VOs);

Ant ay reads and collects the public availability profile,
as well as its metadata snapshots about previous job
delegation activities completed in node m, that are
available from the cache of node na;

With discovered metadata snapshots (available from the
cache of node ny) by ant az, MaGate n; realizes that
node n3 is a cf3 2; moreover, ng has the capacity to take
the job delegation task jd;

Ant a4 reads and collects the public availability profile
of n4, as well as its metadata snapshots about previous
job delegation activities completed in node n4 that are
available from the cache of node ny;

With discovered public availability profile by ant ay,
MaGate n; realizes that node n4 has no capacity to take
the job delegation task jd;;

With discovered metadata snapshots (available from
node n4 cache) by ant a4, MaGate n, realizes that node
ng is a cfg 4; moreover, ng has the capacity to take the
job delegation task, jd;;

Ant a7 reads and collects the public availability profile
of nr7, as well as its metadata snapshots about previous
job delegation activities completed in node n; that are
available from the cache of node n7;

With discovered metadata snapshots (available from the
cache of node n7) by ant a7, MaGate n; realizes that
node ng is a cfg 7; moreover, ng has the capacity to take
the job delegation task jd;

Ants ag, a4 and a7 collect profiles about nodes ns and
ng for MaGate n;, which reports such information to a
virtualized data warehouse;

We now assume that a calculation as an aggregative and
weighted value representing the (strength or else) critical
friendship relationship between previously cooperating
nodes, cf32, ¢fo 4 and cfr ¢ has significantly improved
the decision making towards jd; to node ng. This is
due to the aggregative cf values that have suggested
that node ns has been delegated x number of jobs and
the satisfaction (confidence) level was significantly less
than the satisfaction (confidence) level provided for an
equal number of past delegated jobs in node ng.
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4)

5)
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D. The Shared Vision Roadmap and Plan of Work

Our shared vision roadmap and plan of work involve a three
phase implementation strategy.

During phase 1, we will focus on implementing a fully
decentralized grid information discovery environment. The
work will be based on and extend the current integrated
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Shared Vision: SmartGRID Extended Maodel Architecture (Inter-cooperative functionality)
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Fig. 3.

simulation prototype of SmartGRID, that is currently being
used to prove the functionality of scheduler interoperation and
job delegation within the existing SmartGRID community. Our
extended work here involves the additional development of the
scheduler interaction protocol. We are currently considering
the deployment of a WS-Agreement based approach for this
purpose.

During phase 2, we will work towards the mechanism
of WS-Agreement based job delegation between host node
and remote nodes. As mentioned earlier, an agreement is
initiated by the initiator (e.g., host node), and confirmed by
the responder (e.g., remote node). The capability of negotiating
job delegation between the agreement initiator and responder
will require a simple and flexible workflow, which could de-
couple each side. Based on the decoupled architecture, details
of resource configuration and information representation are
hidden, even if different agreement initiators will get different
information feedback from the same responder. In addition, the
workflow would be flexible enough in order to automatically
contact neighboring nodes with abundant community knowl-
edge (router node) to get alternative candidate nodes in case
of failure of the original responder.

Finally, during phase 3, we will work towards the creation of
metadata snapshots, namely, identification and optimization of
the representational form for data stored in each node cache.
Moreover, meaningful utilization of metadata snapshots and
thus, collecting and aggregating information from different
neighboring nodes based on the critical friends notion will
be developed to generate a series of dynamic, replicable,
non-redundant, asynchronous and self-evolvable virtualized

cf = critical friend

jd: job delegation
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SmartGRID Extended (Low-level) Model Architecture

data warehouses for the larger-scale wider grid community.
We will also consider developing an additional proactive
mechanism using distributed agent push technology [7] in
order to implement recommended resource discovery across
the aforementioned wide grid community.

I'V. CONCLUSION

We have conceptually extended a work related to the
SmartGRID project, which has been developed to be a generic
and modular framework to support intelligent and interop-
erable grid resource management using swarm intelligence
algorithms. In this paper we offered a state-of-the-art regarding
the adopted grid scheduler and its underlying architecture
constructed by ant-based mobile agent technology within the
context of discovering resources in bounded grid communities.

Our work herein addressed a notable case, namely how
grid schedulers from various bounded grid communities could
be used in a manner that would extend current SmartGRID
functionality.

Our shared view is that by utilizing already discovered grid
nodes that have stored metadata snapshots of past queries
would facilitate a more convenient and efficient operation next
time the MaGate resource discovery service starts looking for
a suitable resource. With this in mind, our paper described
our shared vision and discussed the new conceptual basis and
its model architecture. This work has extended resource har-
vesting available methods and transformed the current intra-
cooperative capacity of the SmartGRID architecture to the
option of functioning in a novel approach, namely, functioning
in an inter-cooperative capacity when and if it is required.
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