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Abstract. The field of resource sharing has become an istrgly important
computing field of study for both industry and aeata. Facilitating the use of
geographically distributed resources is a compdsk £ncompassing many sub
tasks. The most important sub-tasks are advertigiiegavailable resources
across the network and the discovery of these ressuln this paper, the task
of advertising the resources has been studied &omtwork point of view. An
advertisement model has been designed using ngdtitasystem techniques to
achieve decentralization and to cope with the dyaarature and behaviour of
the system. The design has been implemented atet taader a simulation
environment using the network simulator ns-2. Thetesn evaluation has
shown promising results in terms of the systemauerénce itself and the effect
of the advertising overhead on a working netwopgésformance.
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1 Introduction

In the early-to-mid 1990s, there were numerousareseprojects underway in the
academic and industry communities that were focasedistributed computing. One
key area of research focus was on developing thalswould allow distributed high
performance computing systems to act like one laayaputer [1]. Analogous to an
electricity power grid, Grid computing views comingf, storage, data sets, expensive
scientific instruments and so on as utilities to delivered over the Internet
seamlessly, transparently and dynamically as arehwteeded, by the virtualization
of these resources [9]. A Grid is a very large escgéneralised distributed system that
can scale to Internet-size environments with mahidistributed across multiple
organisations and administrative domains [3]. Tleeetwo issues to be addressed by
any Grid resources management system: firstlyathertisement (dissemination) of
the resources information across the Grid noded, ithhow nodes should describe
their resources and when to advertise them. . Rstamce, if the resource is a
processing unit some nodes might describe it ascgmsor” while the other as
“CPU”; the two term are syntactically different bwemantically the same.
Furthermore, as the advertising process is a megsasgsing activity, it is important
to consider the effect of this activity on the netkperformance. Secondly, the other



fundamental problem in Grid computing is the dissmyvof resources in such a
heterogeneous computing environment as well asndigity of resource enrolment
and leaving process. Resource discovery is a kewem in a distributed Grid
environment; it defines a process for locating e providers and retrieving service
descriptions [11].

The Grid and Multi-agent Systems communities haweh bdeveloped
concepts and mechanisms for open distributed sgs{&in Agents with different
expertise and computational resources which magiigteibuted over a network can
come together and coordinate to solve a compléx[€s

In this research, we have focused on the adveréiserprocess from a
networking point of view. Furthermore, we have #ddthe effect of this process on
the network performance in terms of time Delay meml to deliver the
advertisements. An advertisement model has beeignées based on multi-agent
system techniques; furthermore, simulation toolgehlaeen used to implement and
test the design.

The rest of the paper is organised as follows:i@e@ discusses related
work while section 3 is devoted to a detailed emption of the prosed system
architecture. Section 4 shows the system evaluaiwhthe experimental results of
the test that been conducted in a simulated envieot. The paper ends with the
conclusions and a description of future work.

2 Related Work

Researchers in the industry and academia haveap@aimany frameworks and tools
for managing the resources description and disgoierGrid environments. The
Globus toolkit [10] Monitoring and Discovery SystefiviDS4) includes a set of
monitoring and discovery techniques for services aesources in a distributed
environment. It makes use of WSRF (Web Service®es Framework) but in a
centralised way. With this centralised way for nging the monitoring and discovery
of resources, any problem that might occur in tloelen where all the indexing
information is stored, will lead to the halt of thatire system. A further weakness of
Globus is the use of static periodic updating whiolght result in unnecessary
communications. In addition to that, the Globusatpdstrategy cannot adapt itself as
a response to system load but depends on manealention.

Another Grid system is Condor [12], which is a spkmed workload
management system for computing-intensive jobs.pridvides a job queuing
mechanism, scheduling policy, priority scheme, vese monitoring, and resource
management. Condor has a centralised job scheahleh accepts the jobs which are
submitted from the condor workstations. One of weaknesses of Condor is its
centralised scheduler which could be a single poirfailure. Furthermore, Condor
uses a push update strategy which causes inteswsntd the system to change the
resources status.

Grid resource brokering algorithms are presentd8]ifor enabling advance
reservations and resource selection based on pefae predictions. They suggested
a resource broker that selects resources by usigdtual job requirements provided
by the job owners. The main drawback of this metlootow to determine the job



requirement which needs an intervention from ther s fix the job requirements by
providing an estimated amount of resources requaoedn the job..

A Grid environment was studied in [4]. They havelizegd semantic
matching in their work with the aim of making theidsystem more transparent in
the application level. In this research the authimiesd to achieve some sort of
scalability by imposing homogeneity of resourcesaorirtual organisation. Imposing
homogeneity is not widely accepted as the mainatttaristic of Grid systems is to be
heterogeneous and each node could have differemtiwhee or software
infrastructure.

Based on semantic web technologies, a resourcevdisc middleware has
been proposed by [8]. In this work, they employed semantic web discovery
technologies in the field of Grid resource discgviey adding machine-process-able
explicit knowledge into the interaction betweenvasive devices and Grid services.
The system uses a profile model to describe GaEdwees. According to their results,
the system has showed an increase in service discaime compared to the
traditional service discovery mechanism while angigant improvement in the
system function has been obtained. The use oflenwibdel to describe the resources
will lead to the use of statistical matching teciu@s which does not take the
semantic features of the resources concepts intouat. It could be part of the
matching process but not the only way to deterntieedegree of similarity among
concepts that describe the resources.

We have concluded that most of the work that hasyhendertaken in the
field of Grid resource management has ignored dd pess attention to some
important issues. The first issue to be consideiedhe performance of the
advertisement part of the system and its effectth@ overall system efficiency.
Improving the network performance has a big roleptay on the overall Grid
management systems performance. As a Grid is a heatyeork system, the main
factor that effects the quality of service (QoS)tlmit system is the amount of time
required to advertise the provided resources asebuer these resources. Monitoring
the message passing and decreasing the communiocatoheads would increase the
system performance and lead to improving the aeesgtem delay and increasing
the network throughput and accordingly improve dlierall QoS of the Grid system.
In this research we have focused on these issuedesigning a multi agent Grid
system architecture which deals with the dynamieityl heterogeneity behavior of
the Grid. The system does not depend on traditiraateworks but works as a flat
decentralized network.

3 Proposed System Architecture

3.1 The Basic System Components

Technically, a Grid resource management systemlveg three major aspects:
Registration, Advertisement and Location.

In the system design, it is assumed that any foids the system network is
considered as a registered node and has the dgdvertise its available resources
and request the needed resources to accomplispjiications requirements. The
new registered node must have the required ageirits tompatible with the system.
Each agent is responsible for a specific job(s).



The system consists of N number of nodes eachhathhhas many functions
which are shown in Fig. 1. To conform with thengiple of decentralisation and
taking into account heterogeneity, each node hasatvn agents and each agent has
specific functionality and could adapt itself topeowith the node specification
(heterogeneity). Furthermore, each node has itsloeal cache to store its available
resources information.

There are five types of agents in the system dladsiaccording to their
functionality as follows:

» Database Management AgitBMA) : responsible for all databases related
functions (Insert, Delete, Update, and Search).

* Resource Collection and Description Age(RCDA): responsible for
collecting the available local resources and dbsayithem ontologically.

e Matchmaking Agen{MA): responsible for matching requests queries with
the local resources information in the node’s |azalhe.

» Network Agent(NA): responsible for all the network related issuesndng
description messages, receiving acknowledge anditonmgy network
performance).

» Resources’ Broke(RB): responsible for negotiating among nodes over the
available resources.
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\ \ Update Update \ “‘
: Search Search )
p ) Vs

, RCDA RCDA
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' MA MA
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Fig. 1 The basic components in a typical node

3.2 The Advertisement Process
Any node that joins the system for the first timastnbroadcast its available resources
information to all its neighboutsBefore advertising the resources information, the
node must have the required agents locally asopdine registration process.

After finishing the registration process, the nexd@ should start advertising
its resources’ information to its neighbours. Thegess of advertisement consists of
three steps which are handled by three types oftage shown in Fig. 2.

1 Neighbors of the node are all the nodes that hadieect connection to it.
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Fig. 2 The Advertisement model

The first step is to collect information about theailable resources and
describe them ontologically and the RCDA is respmasfor this task. Since in
principle, nodes are highly heterogeneous, RCDA adapt itself according to the
node’s specifications, for instance, it must usedhtology description that the node
uses. The resources to be described are just treetbat can be shared with the other
nodes in the system (i.e. they are not neededdpwner node for the moment. The
RCDA creates the ontology description by connecting standard ontology database
like WordNet according to the node specification.

Having all the resources information stored in @fece (node) makes the
system less fault-tolerant. The node which holds thsources information could
become a single point of failure, if any problenses with this node, which could

2 Seehttp://wordnet.princeton.edu/




lead to overall system collapse. For this reasad, ta achieve system extensibility
and cope with the dynamic nature of the environmest propose a fully distributed
and decentralised database to store the resourt@msnation within our proposed
system.

The DBMA is responsible for creating and managihg nhode’s local
caches; after the node registration takes plase,DBBMA creates an empty local
database which holds the node’s resources descripEurthermore, the DBMA
provides the basic database functions like (dasertion, update, alteration, etc.).
Another function of the DBMA is to inform the NA ainy changes to the database in
order to send an update message to the neighbouoihes. The NA plays a crucial
role during the advertisement process. As showsettion 2 there have been many
works in the field of Grid resources managememnt; &¢ them have been concerned
with the network performance during the advertisetnpeocess.

As the main part of the advertisement processristeork related process,
we have focused more on network performance asvatuaion measure of the
advertisement; the best advertisement method isotiee with the best network
performance. The advertisement is the processrafisg the resources’ description
to the nodes in the Grid system. Sending the ressudescription is a message
passing activity; balancing the number of messagelsassociated traffic, in order to
reduce the communications’ overhead is an impoffaior which affects the overall
system performance.

On the sender side, and as a result of the desariptocess, the RCDA
passes the description file to the NA; the sizéhefdescription file varies according
to the amount of resources available and the wayREDA describes them. For
network purposes, the NA should divide the desioripfile into messages with each
message containing part of the resource descriptformation. The division depends
on the message size; there is a trade-off betwesssage size and the required time
to deliver the description information. Smaller s®ge size means a faster delivery
time but at the same time increase in the numbenadsages and vice versa. After
that, the NA should start to find the neighbourthvdirect connections to the sender
node. For example, in Fig. 3, the neighbours ofrtbée number 1 are nodes (2,3 and
5); This organisational model will form some sdirlacal community with each node
having some knowledge about its neighbours thatldcdacilitates the resource
discovery afterwards. Accordingly, the NA shouldrstsending the description
messages to the neighbours.



Fig. 3 The Nodes Neighborhood

On the receiver side the NA receives the descriptiessages one by one
and checks the message id and when receiving shenassage it starts to compose
the description file. The receiver NA should sendagknowledgment message to the
sender NA to confirm that the description informoatihas been received in its
entirety.

After receiving the description, the NA passes description file to the
DBMA to create a new entry for the new node’s reseunformation in the local
database.

3.3 Resources’ Availability Update

As the Grid system is dynamic and due to resouness, resources availability could
change over time. Accordingly, to keep the nodesougate with these changes, the
system should keep updating the nodes local casfibsall the changes that occur
over time.

There are two updating strategies; the first sgtis to update the system
periodically by disseminating the resources’ infatibn through the system each
time slice [references?]. This strategy does rk# tato account the system workload
or nodes’ needs but updates all the nodes blinflhe second strategy is to update the
system due to some event (event-driven updategrpe€es]. Using this strategy the
nodes should update their resources caches diméngvent of a request to make sure
that the discovery process takes place accorditigettatest update.

Both updating strategies could make unnecessargtepdvhich affect the
overall system performance. For the first stratabeg, resources information might
remain the same so the update will cause extra amdbcessary advertisement
messages to be sent which means more communicat@ass the system. For the
second strategy, the update takes place duringetheurces request time without
taking in mind that the request would not be sigiisby the requested node due to
lack of resources. In this case, an unnecessaryatepavhich causes extra
advertisement messages will result in communicatmrerhead across the system.

[13], have presented a new technique for updatimegstystem by using an
expiry time stamp called UST (Updatable Servicetiifie). The expiry time stamp is
computed by taking into account both strategiesrtsure that all the nodes’ caches
will be updated each time slice and during the eeémesources request. They have



used a tree structure to represent the agents whmiesent the nodes through the
system. UST computation encompasses the use & famors: the frequency of
changes in the agent's status, the relation bettfeenumber of agent’s children to
the overall number of agents in the system, andligteof active children which
frequently contacted their parent.

Based on their strategy we have adapted a timepstamputation technique
in order to apply it to our network as follows: ttime stamp computation will depend
on the history of change for the node and the nundfeneighbouring nodes.
Logically, it is more likely for active nodégto be changed in the future. So based on
historical changes the expected change time isileaded by the following forecasting
formula:

RICT = a+ xb 1)
Yx-xHy-y")

=z RCIT: is the resource

Where a = y' —bx' and b =
information change time

Where:

X : is the count number of changes for the node.

Y : is the time at which the change has occurred.

x" andy’ are the average values sfandy.

After calculating the historical effect of the nuentof changes on the next update
time, the next step is to calculate the effect lid humber of neighbours on the
calculation of the expiry time stamp using thedaling equation:

NCF = NoC
ANoC

2)
Where,

NCF: is the number of connections factor.

NoC': is the number of connections (neighbours) ofrtbee.

ANoC: is the average number of connections for eacle.nod
At the end, the calculation of the expiry time spams done by taking into
consideration both equations as follows:

ETS = RICT(1 + NCF) (3)
Where:
ETS: is the expiry time stamp.
4. System Evaluation and Experimental Results
To evaluate the proposed system performance we dmrgi@eered a number of tests

using the well-known network simulator ns-2 (v. 93).‘? a trace file was input to the
well-known network simulator ns-2 and traffic tinmecorded in the output. The
output serves to calculate the time delay.

First of all, the average amount of time requifedthe advertisement messages
has been calculated. Furthermore, since we woldthe system to be expandable,
the test has addressed the effects of increasingumber of nodes across the system.
Fig. 4 shows the delay time in ms for an advertesgihnmessage to arrive at its final

3 Active nodes are the ones that their resourcesrirdtion is changing more frequently.
4 http://www.isi.edu/nsnam/ns/



destination. The results show a reasonable avetelgg time is 0.021576 ms with a
standard deviation equal to 0.007095.

0.035
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0.015

Delay (ms)

0.01

Average Delay = 0.021576
STDV = 0.007095

Fig. 4 packet delay for advertisement messageak

To assess the system’s ability to cope with explaitita the second test has
evaluated the effect of increasing the number aleson system performance. As the
number of nodes increases the number of messades sent across the system is
increases since more advertisements will be semshdwn in Fig. 5, the delay time
has increased dramatically in response to the @serén the number of nodes. The
increase in the delay is logical since more adsentients will be sent through the
system but the average delay time still remainsaeable under 0.05 ms.

In the third test, we have evaluated the effectswsfadvertisement process in an
over-utilized network. We have designed a normawoek with UDP agents that
send and receive data packets in addition to astesy advertisement messages. The
idea behind this test is to evaluate the networkopmance with our advertisements
making use of the network resources with CBfffic already in use. Fig. 5 shows
the average delay time with and without advertisgseThe test has showed that
there is a small (hardly noticeable) increase endblay time when the advertisements
have been incorporated into the system. The smalkase in the delay time has
occurred because the advertisement messages hale usa (shared) the network
resources alongside the other network activities.

S UDP stands for User Datagram Protocol.
6 CBR stands for Constant Bit Rate
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Fig. 5 Packet delay for CBR with and without adverisements

The difference in delay is small and has no effecsystem performance because
of the following reasons. First of all the messa@g®; in the system architecture the
message has been designed to be small in sizetsit thoes not need large network
bandwidth to be sent. Instead, the message coukd mse of any available small
bandwidth which is more probably not used by othetwork activity. The second
reason is the advertisement system architectugdf itghich sends advertisement
messages just to the neighbors’ nodes that hawestdoonnections which avoids
wasting time in routing.

5. Conclusion and Future Work

The rapid development in the scientific researcth lnsiness requirements
for computational and data resources have led ¢ontbed for efficient ways to
manage the process of describing and discoveriagetihesources. We have studied
the advertisement part of the resource managenysters from a network point of
view. Firstly, we have proposed a multi-agent systarchitecture for resource
advertising which increases interoperability, copeth nodes heterogeneity and
supports system scalability. Secondly, we haveoihtced a new mechanism for
constructing and subsequently disseminating resouaclvertisements to the
neighboring nodes with the aim of decreasing thevokk overhead by dealing with
subsets of nodes rather than the whole networlalllyijrve have proposed a modified
method to update resource information which is nedfieient in terms of network’s
communications and overcome the unnecessary updassages. Furthermore, the
system lacks a single point of control which makemore immune to faults that
might occur to any node across the network. In $eoh performance, the small
message size has shown a good result in term3wbrieperformance by making use
of a small network bandwidth which does not afféwt work of the other network
activities that are taking place while the advertient system works.

There are several avenues for future work. Firstyy system could be
expanded to perform more resource management jdbe specifically, a request
processing part could be added to the system tatandhe number of requests being



sent through the system in order to improve théesyperformance by grouping the
nodes across the network based on its functionafityell as geographic locations.
Grouping the nodes gives the system some sort ofvleige about the nodes’
resources and decreases the number of requests imhiarn improves the network
performance. More after to cope with nodes hetarelg it is very important to
provide some sort of semantic matching in ordetiscover resources based on their
properties rather than simple keyword matching.
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