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Abstract 

 
This paper studies the problem of discovering the 

most suitable resource for a specific request in a Grid 
system. A Grid can be seen as an environment 
comprised by routers and resources, where each router 
is in charge of its local resources. In our previous 
works we enhanced the routers of the system with 
matchmaking capabilities in order to determine an 
appropriate set of resources capable of satisfying a 
specific request. Moreover, we presented an efficient 
resource discovery mechanism called Re-routing 
Tables that directs the requests to the resources 
capable of satisfying them in a dynamical Grid system, 
where resources are not statically online. In this paper, 
we present an expansion of our resource discovery 
scheme in order to cover the cases of consecutive 
resource failures, and we emphasize in the 
performance evaluation of our resource discovery 
scheme by providing new sets of simulation tests in 
Grid environments that are prone to resource failures.   
 
1. Introduction 
 

A Grid can be defined as “a large-scale, 
geographically distributed, hardware and software 
infrastructure composed of heterogeneous networked 
resources owned and shared by multiple administrative 
organizations which are coordinated to provide 
transparent, dependable, pervasive and consistent 
computing support to a wide range of applications. 
These applications can perform distributed computing, 
high throughput computing, on-demand computing, 
data-intensive computing, collaborative computing or 
multimedia computing” [1]. 

One of the main capabilities a Grid infrastructure 
needs to support is a resource discovery mechanism 
[2]. The base of Grid technology is the concept of 
resource-sharing. Resources shared in a Grid system 
could be desktop systems, clusters, storage devices and 
large data-sets. A remote user should be able to gain 

access to a remote resource either to execute a job or to 
have access in the resource’s data. An effective 
resource discovery mechanism is responsible of 
supporting this operation in a Grid system. 

In a Grid environment, there are certain factors that 
make the resource discovery problem difficult to solve. 
These factors are: the huge number of resources, 
distributed ownership, heterogeneity of resources, 
resource failure, and resource evolution (upgrades 
changing a resource’s technical characteristics). An 
efficient resource discovery mechanism should take 
into consideration the above factors. 

Combining matchmaking and routing approaches, 
we propose a resource discovery scheme that can 
guarantee discovering the most suitable resource for a 
specific request and then directing that request to the 
appropriate resource in a Grid environment, where 
resource failures are a common fact. Moreover, the 
proposed scheme deals effectively with the 
phenomenon of consecutive resource failures. 
 
2. Related work 
 

One of the popular approaches for the Grid 
Resource Discovery problem is the Matchmaking one 
[3, 4, 8, 11, 14, 15, 18, and 20]. The Matchmaking 
resource discovery framework suggests categorizing 
the entities comprising a Grid system into requestors, 
and providers. These entities advertise their 
characteristics and requirements to a matchmaking 
service, which is responsible of finding a match 
between the advertisements and informing the relevant 
parties of the match. The matched entities connect and 
cooperate for the service’s execution. 

It is a well-known fact that Grid and Peer-to-Peer 
systems share the same main concept. They are both 
resource-sharing environments. Their difference is that 
they have followed different evolutionary paths. Grid 
systems are mainly used in complex scientific 
applications, while Peer-to-Peer systems are developed 
around mainstream services such as file-sharing. 



Several research papers suggest the application of 
already known Peer-to-Peer resource discovery 
mechanisms into the Grid [5, 6, 13, 16, 19, and 21].  

Expanding the Matchmaking approaches, another 
notable approach to the Resource Discovery problem is 
the Semantic Communities one [7, 10, 12, and 17]. The 
main concept behind this approach is that Grid 
communities and human communities consist of 
members that are engaged in sharing and 
communication. Grid communities are formed based 
on similar-interests policies, allowing community 
nodes to learn of each other without relying on a 
central meeting point. 

Another interesting approach to the resource 
discovery problem is the agent-based one [26]. Each 
agent in the Grid system acts as a representative for a 
local Grid resource and also cooperates with other 
agents to perform service advertisement and discovery. 
The agent-based approach also includes a 
matchmaking framework, in which metrics such as the 
deadline for the execution of an application and the 
earliest time at which the application will terminate 
play a crucial role. 

To the best of our knowledge, a resource discovery 
framework combining matchmaking and routing 
concepts has never been deployed before. Using 
semantic concepts for describing resources and 
requests, and then directing the requests in the Grid 
environment with an efficient routing mechanism, we 
achieve to overcome the obstacle of resource failures 
bound to happen in any Grid system. 

 
3. Depiction of the Grid environment 
 

A Grid system can be seen as an environment 
comprised by matchmaking-routers and resources. 
Each router is in charge of its local resources and also 
connects with other routers within the Grid system.  
Figure 1 presents a Grid system based on the 
matchmaking-router model. The system is comprised 
by three matchmaking-routers, where each one controls 
its local resources.  

 
Figure 1. A Grid system comprised by 
matchmaking routers and resources 
 

4. Matchmaking 
 
4.1. Descriptions of requests and resources 
 

A request created in a matchmaking-router at some 
point of time describes four basic characteristics [23] 
in order to get satisfied. These required characteristics 
are: architecture, operating system, disk, and memory. 
Resources that are available in the Grid system also use 
descriptions of their characteristics. A Grid resource is 
fully described using the four characteristics mentioned 
above. 

After a request is created in a matchmaking-router, 
the router uses the descriptions of Grid resources to 
find an appropriate match. Since all the descriptions of 
resources are available to the routers, the matchmaking 
process is considered relatively easy. 

 
4.2. Matchmaking rules 
 

The matchmaking process in the resource discovery 
scheme has to obey certain rules.  The matchmaking 
rules determine the set of candidate resources that can 
satisfy a specific request. 

The basic matchmaking rules in the framework are 
the following: 

• The architecture and operating system 
characteristics of the request must match the 
architecture and operating system 
characteristics of the resource. 

• The minimum disk size required by the 
request must be smaller or equal to the 
available disk size of the resource. 

• The minimum memory space required by the 
request must be smaller or equal to the 
available memory space of the resource. 

An example of a request created in a matchmaking-
router is shown in Figure 2. The resources available to 
the supposed Grid system are four and their description 
types are shown in Figure 3. Resources of types 3 and 
4 are capable of satisfying the request due to matches 
in the architecture and operating system characteristics.  
Note that the available disk and memory characteristics 
also conform to the request’s minimum disk and 
memory requirements. 

 
Figure 2. An example of a request’s requirement 



 
Figure 3. Available Grid resources 

The matchmaking-router based on the matchmaking 
rules concluded to the set of resources that are capable 
of satisfying the request. The question now is which of 
the two resources of type 3 and 4 is the most suitable to 
satisfy the request? Resource of type 3 has larger disk 
size and memory space from the request’s 
requirements and its capabilities could be needed to a 
more demanding future request. On the other hand, 
resource of type 4 fits best with the request’s 
requirements. 

Given a set of resources that are capable of 
satisfying a request, the Best Fit resource is the one 
that has: 

• a smaller or zero difference between available 
disk size and required minimum disk size,  

• and a smaller or zero difference between 
available memory space and required 
minimum memory space. 

For the example request in Figure 2, the request 
would be directed to the most suitable resource of type 
4. The difference of the available disk size and 
memory space of resource type 4 from the minimum 
required disk size and memory space of the request is 
zero. 

 
5. Directing requests 
 
5.1. Routing Tables 
 

Assuming that at a point of time a request for a 
specific resource is created in one of the matchmaking-
routers in the Grid system, an efficient resource 
discovery mechanism should be able to find an 
appropriate resource in the system. In the simplest 
case, the matchmaking-router checks if one of its local 
resources meets the request’s requirements. If not, the 
router should forward the request to its neighbors 
randomly. This random forwarding could be sufficient 
in a small network, but would not satisfy a large 
system’s needs. The Routing Tables mechanism is 

used in order to forward the requests in the Grid 
system in a non-random way. 

Each router in the Grid system maintains a Routing 
Table [9] with size equal to the number of different 
resources in the network. Each data element in that 
table is the minimum distance measured in hops from 
that router to all the resources available in the network.  

This procedure is effective when all the available 
resources in the system are statically online. A failure 
to a random resource in the system causes that specific 
resource to exit the Grid system, therefore to get in an 
offline state. Because the Routing Tables mechanism is 
not capable of directing requests in an environment 
where resources could get in an offline state at any 
point of time, we deployed the Re-routing Tables 
mechanism. 
 
5.2. Dealing with Resource Failures 
 

Figure 4 presents a supposed Grid system comprised 
by twelve matchmaking- routers (MR stands for 
matchmaking-router). Each router in this system 
controls a number of local resources between three and 
five. At some point of time a request for the resource 
of type 9 is created in the MR11. Based on the 
information maintained in its Routing Table (shown in 
Table 1), MR11 forwards the request through MR6 to 
MR7, where the requested resource exists locally. The 
problem is that resource of type 9 in MR7 has gotten in 
the offline state due to a resource failure. Due to this 
offline resource event, an alternative resource of type 9 
has to be discovered somewhere in the Grid system. 
Such a resource type exists locally in MR5. 
 

 
Figure 4. An example of a re-routing event 



We compute the new minimum distance from MR7 
to resource of type 9 (5 hops). The problem is that 
there are still routers in the network who still think that 
Resource 9 is online in MR7 and they will keep 
forwarding requests for that specific resource to MR7. 
Even though an alternative resource exists in the 
system, the matchmaking-routers do not have the new 
information in their Routing Tables. 

  
Table 1. Routing Tables available in Matchmaking-
Routers. Distance in hops from each router to the 
resource of type 9. 
 

Matchmaking-Routers Resource 9 

1 3 hops 
2 2 hops 
3 3 hops 
4 2 hops 
5 Local 
6 2 hops 
7 Local 
8 2 hops 
9 3 hops 
10 2 hops 
11 3 hops 
12 2 hops 

When the fact that a resource failure happened 
somewhere in the Grid system, we can re-compute the 
minimum distances for all routers in the network in 
order to update the information in the Routing Tables 
regarding the offline resource. Of course this solution 
is computationally intensive especially in cases of large 
systems. We can effectively reduce the computational 
cost of the above solution by noticing that not all 
matchmaking-routers forward requests to the 
matchmaking-router where the offline resource event 
occurred. 

Examining the Grid system in Figure 4, it is obvious 
that not all routers forward requests for resource of 
type 9 to MR7. Therefore updating the Routing Tables 
for all routers is unnecessary. A proper solution is to 
find the routers that forward requests for resource of 
type 9 to MR7 and only update their Routing Tables 
creating their Re-routing Tables. From a total of 12 
routers in Figure 4 only the following forward requests 
for Resource 9 to MR7: MR1, MR2, MR6, MR8, and 
MR11. All the other matchmaking-routers forward 
requests to the alternative resource of type 9 existing 
locally in MR5.   

Once an offline resource event due to a resource 
failure is established in a router of the network, we 
have to determine which matchmaking-routers are 

going to update their Routing Tables. The idea is to 
start from the matchmaking-router where the offline 
resource event occurred and visit all nodes in the 
system to examine which of them do forward requests 
for the offline resource to that specific router. Counting 
hops from the offline resource router and checking the 
Routing Tables of the visited nodes will determine 
whether or not a router should update its Routing 
Table. If the calculated hops are equal to the distance 
in hops included in a matchmaking-router’s Routing 
Table for that offline resource then this router has to 
update its Routing Table creating its Re-routing Table.  

Starting from MR 7, in which the offline resource 
event occurred and with the knowledge included in the 
Routing Tables shown in Table 1 we conclude to the 
following regarding MR1 and MR4. The distance of 
resource 9 in MR7 from MR1 is 3 hops, equal to the 
distance represented in MR1’s Routing Table. So MR1 
forwards requests for resource 9 to MR7. The distance 
of resource 9 in MR7 from MR4 is 4 hops, not equal to 
the distance represented in MR4’s Routing Table (2 
hops). This means that MR4 does not forward requests 
for resource 9 to MR7 and forwards them to another 
router controlling locally a resource of that type. 
Following the above procedure for all the routers in the 
system we conclude to the matchmaking-routers that 
need to update their Routing Tables. 

A significant problem lies in MRs 3 and 9. The 
distance of resource 9 in MR7 from MR3 and MR9 is 
3 hops, equal to the distance represented in both of the 
routers Routing Tables. The distance of the alternative 
resource of type 9 in MR5 from MR3 and MR9 is also 
3 hops. So it is not clear to which matchmaking-router 
the MR3 and MR9 forward requests for resource of 
type 9. In order to avoid problems in future requests we 
update their Routing Tables creating their Re-routing 
Tables anyway. 

We concluded that MRs 1, 2, 3, 6, 8, 9, and 11 
including MR7 must update their Routing Tables in 
order to satisfy future requests for the offline resource 
of type 9. Computing the minimum distances for these 
routers has as a result the creation of Re-routing Tables 
shown in Table 2. Note that the distances shown here 
are different for MRs 1, 2, 3, 6, 7, 8, 9, and 11 from 
those in Table 1 because of the update. The distance 
for all the other routers is the same because they were 
unaffected from the departure of resource 9 in MR7. 

 
Table 2. Re-routing Tables for all matchmaking-
routers after the update regarding resource of type 
9. Bold rows are the matchmaking-routers that 
update their information regarding offline resource 
9    



 

Matchmaking-Routers Resource 9 
1 5 hops 
2 4 hops 
3 3 hops 
4 2 hops 
5 Local 
6 6 hops 
7 5 hops 
8 4 hops 
9 3 hops 
10 2 hops 
11 6 hops 
12 2 hops 

 
5.3. Consecutive Resource Failures 
 

An important aspect of the proposed resource 
discovery scheme is that it covers the cases of 
consecutive resource failures. As mentioned before, 
when a request is created in a matchmaking-router, the 
router is responsible of providing the Best Fit resource 
capable of satisfying the request. If the Best Fit 
resource is in an offline state due to a resource failure, 
the Re-routing Tables mechanism provides an 
alternative resource somewhere in the Grid system. 
There are rare cases when the alternative resource is 
also offline due to another resource failure.  

In Figure 5, a case example of consecutive resource 
failures is presented. At some point of time a request 
for resource of type 4 is created in MR1. The request is 
forwarded in MR4, where resource of type 4 exists 
locally, but it is currently offline due to a resource 
failure. The update phase in the Routing Tables would 
suggest directing the request to the neighbour Grid 
node MR5, where an alternative resource of type 4 
exists locally. Due to a resource failure, this specific 
resource in MR5 is also offline. The update phase in 
the Routing Tables would suggest directing the request 
to MR6, where a resource of type 4 is online and 
available. After two consecutive resource failures and 
travelling through three intermediate routers (MR4, 
MR5, and MR3), the request is finally satisfied. 

 
Figure 5. An example case of consecutive resource 
failures 

Considering the nature of a Grid system, one may 
suggest that a phenomenon of consecutive resource 
failures is extremely rare. Though rare, the case of 
consecutive resource failures cannot be ignored. If this 
phenomenon is not dealt effectively, it could lead to 
discarded and unsatisfied requests. The Re-routing 
Tables mechanism is able of coping with consecutive 
resource failures in the Grid system. For consecutive 
resource failures, the Re-routing Tables procedure 
works in a recursive way in each matchmaking-router, 
where a resource failure occurred.   

  
6. Testing 
 
6.1. Simulation Tests and Performance 
Parameters 
 

In order to emphasize in the performance evaluation 
of the proposed resource discovery scheme, we 
performed two types of simulation tests. In the first 
type of tests, we used Grid environments where 
resource failures occur in a rare way. We characterize 
these environments as “friendly” Grid systems. In the 
second type of tests, resource failures occur in a vast, 
rapid, and common way. We characterize these 
environments as “hostile” environments. Categorizing 
the simulation tests in two types (“friendly” and 
“hostile” Grid systems) is crucial for evaluating the 
performance of our scheme. A resource discovery 
scheme ought to behave well in both “friendly” and 
“hostile” environments. 

As presented in Section 3, the Grid environment is 
comprised by matchmaking-routers and resources, 
where each router controls its local resources. In such a 
network-like Grid system, the performance parameter 
for our proposed scheme is the distance in hops a 
request traveled to get satisfied [25]. A small distance 
in hops indicates better performance. 

 
6.2. Environment 

 
Grid Graph generator produced the Grid systems 

[22] for our simulation needs. The Grid Graph 
generator produced the backbone of the systems, 
meaning the matchmaking-routers. After this we 
allocated a certain number of resources to each 
matchmaking-router in the system. The number of 
resources that a matchmaking-router can control 
locally is three to five and the different types of 
resources available in the system are twenty. Note that 
a resource of a specific type can exist locally in the 
same matchmaking-router more than once. Taking into 
consideration that a resource discovery framework 
should perform well in both small and large Grid 



systems, simulation tests were conducted in “friendly” 
and “hostile” Grid systems of 202, 402, 602, 802 and 
1002 matchmaking-routers. Due to space limitations 
not all results and tests are presented here. The results 
presented here concern the cases of “friendly” and 
“hostile” Grid systems of 1002 matchmaking-routers.  

Requests are created in random matchmaking-
routers somewhere in the system. The matchmaking-
routers using the available descriptions of resources, 
and the matchmaking rules are responsible of 
providing the Best Fit resource capable of satisfying 
the request. After the Best Fit resource is identified, the 
request is forwarded in the system using the Routing 
Tables mechanism. For the cases of resource failures 
the forwarding of the request happens with the support 
of the Re-routing Tables mechanism. 

Independently of the creation of requests, the offline 
resource events due to resource failures happen in a 
random way also. At some point of time a single 
random resource in a random router gets in the offline 
state.  For the cases of “friendly” Grid systems of 1002 
matchmaking-routers, a random resource gets in the 
offline state every 1 time unit of the simulation. For the 
cases of “hostile” Grid systems of 1002 matchmaking-
routers, four random resources get in the offline state 
every 1 time unit of simulation. 

We have used the ability of the Grid Graph 
generator of producing different topologies for the 
same size of network. For every size of a Grid system, 
the proposed resource discovery scheme was tested in 
4 different topologies of that exact size. The results 
presented here are the final averages of the four 
different executions in four different topologies for a 
“friendly” and a “hostile” Grid system of 1002 
matchmaking-routers. 

 
6.3. Hybrid Matchmaking Resource Discovery 
 

In order to compare the behaviour of the proposed 
resource discovery scheme, we deployed another 
resource discovery mechanism called Hybrid-
Matchmaking Resource Discovery. The hybrid 
mechanism works in a semi-random way, based on the 
popular random-walk approach [25]. When a request is 
created in a matchmaking-router, the router is again 
responsible of providing the Best Fit resource capable 
of satisfying the request. The forwarding of the request 
happens with the following procedure. The 
matchmaking-router checks in its local resources for 
the Best Fit resource. If the resource is not found there, 
the request is randomly forwarded to neighboring 
nodes. To avoid unnecessary cycles in the network, 
nodes that are visited from a request are marked, so 
they’re not chosen in a future forward of the same 
request. 

 
6.4. Results for the “friendly” Grid system 
 

Results presented here are the final averages of the 
four different executions in four different topologies in 
a “friendly” 1002 Routers Grid system. A random 
resource gets in the offline state due to a resource 
failure every 1 time unit of simulation. The 
Matchmaking-Routers approach is the one that makes 
use of the Re-routing Tables mechanism when a 
resource failure event is acknowledged in some router 
of the system. The Hybrid Matchmaking-Routers 
approach is the one described in Section 6.3.  

Figure 6 presents the evolution of simulation in 
terms of distance in hops for 1000 requests based on 
the Matchmaking-Routers. Resource discovery for the 
most cases of requests happened in small level of hops 
around 2 and 3 hops. Of course, there are slightly 
higher results above 5 hops, but considering the large 
size and the dynamicity of the Grid system, results are 
acceptable. It appears that the proposed resource 
discovery scheme guarantees discovering the Best Fit 
resource successfully and in a small level of hops.      

 
Figure 6. Resource Discovery based on 
Matchmaking-Routers and Hybrid Matchmaking-
Routers in a 1002 Routers Grid system 
 

Figure 6 also presents the evolution of simulation in 
terms of distance in hops for 1000 requests based on 
the Hybrid Matchmaking-Routers. Results are bad 
since for the most cases of requests the discovery of 
the Best Fit resource demands around 4 and 8 hops. 
For some cases of requests the distance in which a 
request gets satisfied could even reach to levels up to 
50 hops. Results for the Hybrid Matchmaking-Routers 
were partially expected to be in these levels. The 
technique’s bad behaviour is mainly caused to the 
semi-random walk approach combined with the large 



size and the dynamicity of the Grid system. These 
factors lead to these unacceptable results. 

 
6.5. Results for the “hostile” Grid system 
 

Results presented here are the final averages of the 
four different executions in four different topologies in 
a “hostile” 1002 Routers Grid system. Four random 
resources get in the offline state due to a resource 
failure every 1 time unit of simulation. 

Figure 7 presents the evolution of simulation in 
terms of distance in hops for 1000 requests based on 
the Matchmaking-Routers. For the first 400 time units 
of simulation, resource discovery for the most cases of 
requests happened in small levels of hops, around 2 
and 5 hops. For the other 600 time units of simulation, 
results are higher, around 5 and 10 hops. It appears that 
the vastness, in which resource failures occur in the 
system, affects the resource discovery scheme. This 
fact was expected. As the simulation time proceeds, 
more and more resources exit the Grid system due to 
failures, and the resource discovery scheme has to 
travel larger distances in order to discover alternative 
resources capable of satisfying the requests. Taking in 
consideration the “hostility” of the environment, results 
are still in acceptable levels of hops. 

 
Figure 7. Resource Discovery based on 
Matchmaking-Routers and Hybrid Matchmaking-
Routers in a 1002 Routers Grid system 
 

Figure 7 also presents the evolution of simulation in 
terms of distance in hops for 1000 requests based on 
the Hybrid Matchmaking-Routers. Results are 
extremely bad. The vastness, in which resource failures 
occur, appears to have negative effects in the Hybrid 
Matchmaking-Routers approach from the beginning of 
the simulation. For the first half of simulation, the 
approach presents high results, around 5 and 10 hops. 

Of course there are a lot cases in which resource 
discovery demands extremely larger distances in hops. 
As simulation time proceeds and more resources exit 
the system, the Hybrid Matchmaking-Routers approach 
presents catastrophic results. For the most cases of 
requests, resource discovery demands around 20 to 50 
hops. It appears that the Hybrid Matchmaking-Routers 
cannot deal effectively with the “hostility” of the 
environment. 
 
7. Conclusions and Future Research 
 

We presented a resource discovery scheme capable 
of overcoming the obstacles of resource failures bound 
to happen in any Grid system. The proposed resource 
discovery scheme includes a simple and effective 
matchmaking framework in order to identify the Best 
Fit resource for the request’s requirements. Directing 
of the requests in the Grid system happens with the Re-
routing Tables mechanism, which is capable of dealing 
with the cases of resource failures, and consecutive 
resource failures. 

Finally, we presented two types of simulation tests: 
in “friendly” and “hostile” Grid systems. The proposed 
resource discovery scheme with Matchmaking-Routers 
proved its superiority against the semi-random Hybrid 
Matchmaking-Routers. For both types of tests, the 
proposed resource discovery scheme presented 
extremely well results, despite the offline resource 
events caused by resource failures. 

It is in our future intentions to continue evaluating 
the performance of the proposed resource discovery 
mechanisms taking into consideration additional 
performance parameters, such as the reliability of the 
Grid resources, or directing requests to Grid resources 
that guarantee the minimum cost. Moreover, further 
research is needed in order to address the problem of 
“resource evolution”. The term “resource evolution” 
refers to the upgrades that change the technical 
characteristics of a resource.  It is in our intentions to 
expand the proposed resource discovery scheme in 
order to cover these cases. 
 
8. References 
 
[1] Miguel L. Bote-Lorenzo, Yannis A. Dimitriadis, and 
Eduardo Gomez-Sanchez, “Grid characteristics and uses: a 
Grid Definition”, Postproc. of the First European Across 
Grids Conference (ACG’03), Springer-Verlag LNCS 2970, 
pp. 291-298, Santiago de Compostela, Spain, Feb. 2004. 
[2] Rajkumar Buyya and Srikumar Venugopal, “A Gentle 
Introduction to Grid Computing and Technologies”, 
Computer Society of India, July 2005. 
[3] R. Raman, M. Livny, M. Solomon, “Matchmaking: 
Distributed Resource Management for High Throughput 



Computing”,  hpdc, p. 140,  Seventh IEEE International 
Symposium on High Performance Distributed Computing 
(HPDC-7 '98),  1998. 
[4] Rajesh Raman, “Matchmaking frameworks for distributed 
resource management”, University of Wisconsin-Maddison, 
2001. 
[5] Adriana Iamnitchi, Ian Foster, and Daniel C. Nurmi, “A 
Peer-to-Peer approach to Resource Location in Grid 
Enviroments”, Proceedings of the 11th Symposium on High 
Performance Distributed Computing, Edinburgh, UK, 
August 2002. 
[6] N. A. Al-Dmour and W. J. Teahan, “Peer-to-Peer 
protocols for resource discovery in the Grid”, Parallel and 
Distributed Computing and Networks, Innsbruck Austria, 
2005. 
[7] Juan Li and Son Vuong, “Grid Resource Discovery Using 
Semantic Communities”, Proceedings of the 4th 
International Conference on Grid and Cooperative 
Computing, Beijing, China, November, 2005. 
[8]Hongsuda Tangmurarunkit, Stefan Decker, Carl 
Kesselman, “Ontology-based Resource Matching in the Grid-
The Grid meets the Semantic Web”, International Semantic 
Web Conference, 2003. 
[9] Wei Li, Zhiwei Xu, Fangpeng Dong, and JunZhang, 
“Grid Resource Discovery based on a Routing-Trasferring 
Model”, Grid 2002, LNCS 2536, pp.145-156, 2002. 
[10] Juan Li, Son Vuong, “Semantic Overlay Network for 
Grid Resource Discovery”, Grid Computing Workshop, 
2005. 
[11] Ye Zhu, Junzhou Luo, and Teng Ma, “Dividing Grid 
Service Discovery into 2-stage Matchmaking”, ISPA2004, 
LNCS 3358, pp. 372-381, 2004. 
[12] Cheng Zhu, Zhong Liu, Weiming Zhang, 
Weidong Xiao, Zhenning Xu, and Dongsheng Yang, 
“Decentralized Grid Resource Discovery based on Resource 
Information Community”, Journal of Grid Computing, 
Springer, 2005. 
[13] Kashif Ali, Suprakash Datta, Mokhtar Aboelaze, “Grid 
Resource Discovery using Small World Overlay Graphs”, 
Proceedings of the 18th IEEE Canadian Conference on 
Electrical and Computer Engineering, 2005. 
[14] Sanya Tangpongprasit, Takahiro Katagiri, Hiroki 
Honda, Toshitsugu Yuba, “A Time-to-Live based 
Reservation Algorithm on Fully Decentralized Resource 
Discovery in Grid Computing”, Parallel Computing 31, 
2005. 
[15] Muthucumaru Maheswaran and Klaus Krauter, “A 
Parameter-based Approach to Resource Discovery in Grid 
Computing Systems”,  GRID, 2000. 
[16] Domenico Talia, Paolo Trunfio, Jingdi Zeng and Mikael 
Hogqvist, “A DHT-based Peer-to-Peer Framework for 
Resource Discovery in Grids”, Technical report, TR-0048, 
Institute on System Architecture, CoreGRID - Network of 
Excellence, June 2006. 
[17] Thamarai Selvi Somasundaram, R.A.Balachandar, 
Vijayakumar Kandasamy, Rajkumar Buyya, Rajagopalan 
Raman, N.Mohanram and S.Varun, “Semantic based Grid 
Resource Discovery and its Integration with the Grid Service 
Broker”, ADCOM 2006: Proceedings of 14th International 
Conference on Advanced Computing & Communications 
(2006), pp. 84 – 89. 

[18] Vidal, A. C., J. R. Braga, J., Kon, F., and Kofuji, S. T., 
“Defining and exploring a grid system ontology”, In 
Proceedings of the 4th international workshop on 
Middleware for grid computing (New York, NY, USA, 
2006), ACM Press, p. 16. 
[19] Sujoy Basu, Sujata Banerjee, Puneet Sharma, Sung-Ju 
Lee, “NodeWiz: Peer-to-Peer Resource Discovery for Grids”, 
5th International Workshop on Global and Peer-to-Peer 
Computing (GP2PC) in conjunction with CCGrid, May 
2005. 
[20] S. Castano, A. Ferrara, S. Montanelli, G. Racca, 
“Matching techniques for resource discovery in distributed 
systems using heterogeneous ontology descriptions”,  
Proceedings of the International Conference on Information 
Technology: Coding and Computing (ITCC’04), 2004. 
[21] K.G. Zefiridis, and H.D. Karatza, “Centralized and 
Decentralized Service Discovery on a Peer-To-Peer Network 
- A Simulation Study”, Proceedings of the Sixth United 
Kingdom Simulation Society Conference, UKSim 2003, 
Cambridge, England, 9th-11th April 2003, pp. 171-177. 
[22] Mauricio G. C. Resende, AT&T labs, 
http://www.research.att.com/~mgcr/, as per January 2008. 
[23] Konstantinos I. Karaoglanoglou, and Helen D. Karatza, 
“Resource Discovery in a Grid system based on 
Matchmaking-Routers”, Proceedings of the 12th Panhellenic 
Conference on Informatics, PCI, IEEE Computer Society, 
August 28-30, 2008, Samos, Greece, pp. 73-77. 
[24] Konstantinos I. Karaoglanoglou, and Helen D. Karatza, 
“Resource Discovery in a Dynamical  Grid system based on 
Re-routing Tables ”, Simulation Modelling Practice and 
Theory, Elsevier, Volume 16, Issue 6, Pages 704-720, July 
2008. 
[25] Adriana Iamnitchi, and Ian Foster, “On Fully 
Decentralized Resource Discovery in Grid Environments”,  
International Workshop on Grid Computing 2001, Denver, 
CO, November 2001. 
[26] Junwei Cao, Stephen Jarvis, Subhash Saini, and Darren 
Kerbyson and Graham Nudd, “ARMS: An agent-based 
resource management system for Grid computing”, Scientific 
Programming, Special Issue on Grid Computing, 10(2), 135-
148, 2002. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


