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Abstract—Resource discovery in a Grid environment is a
critical problem and also a fundamental task which
provides searching and locating necessary resources for
given processes. Based on the domain and resour ce routing
nodes, a grid resour ce discovery model of multilayer overlay
network is given in this paper. And on this basis, using a
linear combination of the block distance and chessboard
distance instead of Euclidean distance, grid resource
discovery algorithm based on distance is proposed.
Experiment shows that the algorithm has low cost, fast
response and can obtain better success rate of lookup, as
well asthe effectiveness of the resour ce discovery algorithm.

Index Terms—Grid; model; distance; resource discovery;
multi-layer overlay network

[. INTRODUCTION

Now, the grid is the international frontier of research
topics. With the development of Grid technology, the
Grid begins to be used in various fields. The most
important one is data grid which is widely used in
data-intensive industries. Data Grid can access, storage,
move and manage the data which is heterogeneous,
distributed and mass. It has a very broad application
prospects.

Grid computing connects a large amount of
geographically distributed heterogeneous resources to
form a virtual network environment, enabling the users to
share resources dynamically, which can -effectively
improve the utilization rate of resources and system
performance. In the dynamic grid environment, resources
are huge and have strong heterogeneity. The problems of
resource management and lookup under ensuring high
efficiency and use as possible as low cost become very
complicated. Grid resource discovery mechanism in grid
system is the key to realize resources sharing. Grid
resource discovery mechanism performance directly
determines the performance of the grid system. So it is
necessary to design grid resource discovery algorithm
with a low cost, good scalability and high efficiency.

In order to develop an efficient and scalable solution
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for Grid resource discovery, a series of challenges must
be faced, due to the following reasons [1]:

1. dynamic property of Grid resources;

2. absence of central authority;

3. heterogeneous and large scale character of Grid

environments;

4. unpredictability of faults;

5. difficulty in handling complex multi-attribute range

queries.

To deal with these challenges, a resource discovery
mechanism must have the following important
characteristics [1]:

1. support for intermittent resource availability;

2. independence from any centralized/global control

and global knowledge;

3. support for attribute-based discovery;

4. support for multi-attribute range queries;

5. scalability in terms of number of users and resources,

and type of resources;

6. provide excellent query performance.

The existing fully centralized or fully distributed
resource discovery method is not very ideal. They have
some flaws respectively. However, the grid resource
discovery method which is based on hierarchical model
focuses on the advantages of centralized and distributed
discovery method. So, using the combination of the
layered structure and tree structure, the model based on
Multi-Layer Overlay Network to discover resources is
given in this paper. And on this basis, using a linear
combination of the block distance and chessboard
distance instead of Euclidean distance, grid resource
discovery algorithm based on distance is proposed.

The rest of the paper is organized as follows. Related
work on grid resource discovery is given in section II. A
Multi-Layer Overlay Network(MLON) Model is
proposed for resource discovery in data grid in section III.
Grid Resource Discovery Algorithm Based on
Distance(BC-DIS) is proposed in section IV. The
performance evaluation is presented in Section V. Finally,
the conclusion and proposed future work are discussed.

II. RELATED WORK

At present, many organizations and researchers both at
home and abroad study grid resource discovery model
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from different perspectives and different levels. The
unified strategy to manage resources in the grid is
adopted in the Globus centralized model proposed in [2].
It has a good global control and high efficiency of
resource discovery, but it lack adaptability and
extensibility in grid. Resources are managed through the
interaction of different resource management systems in
the P2P distributed model proposed in [3-5]. And just the
opposite of the centralized model, it has a good
scalability and lacks in the overall control. Besides, the
communication costs of whole model are far higher than
these of the centralized model. The flooding technology
to find the resources is adopted in [6]. In the face of the
grid dynamic environment, it has good fault tolerance and
availability, but poor extensibility. The distributed
resource discovery based on the virtual structure is
adopted in the resource discovery mechanism based on
Overlay Network (ON) proposed in [7] and
Tree-Structured Overlay Network (TSON) in dynamic
grid environment proposed in [8]. The ON and TSON can
shield dynamic characteristics of grid resources and
heterogeneity effectively. But they also have some
deficiencies: because they partition Organizational virtual
structured domain based on the physical area and use
attribute matching method to find the resources, they
cause large network consumption and poor efficiency.

A peer-to-peer architecture for resource discovery in a
large and dynamic collection of resources has been
proposed in [9], it is similar to Gnutella combined with
more sophisticated query forwarding strategies taken
from the Free-net overlay network. Requests are
forwarded to one neighbor only based on experiences
obtained from previous requests, thus trying to reduce
network traffic and the number of requests per peer

compared with simple query flooding as used by Gnutella.

Because a suitable peer was not reached simply, the
approach suffers from higher numbers of required hops to
resolve a query compared to our approach and provides
no lookup guarantees.

A model «called the Hierarchical Resource
Organizational Model has been proposed in [10]. The
model consists of three layers to process the information
in a grid. These three layers include: Physical Network,
Resource Information and Index Information. The
Physical Network Layer is at the lowest level containing
the physical resources linked with each other on the
Internet. For each resource, a resource node is placed in
the Resource Information Layer. Therefore, the Resource
Information layer contains virtual organizations (VO),
which is a group of resource nodes in a star topology with
a super node in the center. The super node stores all the
information regarding the resources of a VO as adjacent
lists. The Index Information Layer stores information
pertaining to all super nodes of the middle layer and
composition of the multiple layers form the basis for
hierarchical resource discovery.

At present, the resource discovery mechanism is
mainly divided into two types: one is centralized style;
one is distributed style. Traditional centralized resource
discovery mechanism has certain advantages [11].
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1. the topology structure of the system is relatively

simple and it is easy to build and maintain, besides the

consumption is small;

2. services focus, easy to resources sharing and system

security is better;

3. there is no problem of inconsistent of information

resources and the efficiency of resource discovery is

higher in a small area.

Meanwhile, there are same disadvantages [11] as
follows:

1. Reliability is Relatively poor. When the central

server fails, the system will not work properly and the

system has not fault-tolerant;

2. Scalability of the system is Relatively poor.

However, the characteristics of fully distributed
resource discovery mechanism and centralized resource
discovery mechanism is opposite, the main drawback is
that:

1. the disorder and structurelessness of resource

information space make resource discovery have a

certain blindness;

2. Nodes can join or leave at any time, which makes

the security of system difficult to control.

III. RESOURCE DISCOVERY MODEL

Overlay network is built on a physical network virtual
network connected by virtual or logical links. It can
provide more reliable and better fault-tolerant application
services without changing existing large-scale network
architecture. Each layer of overlay network uses a
structured P2P technology, which is advantageous to
dynamically join, leave and forward service of the virtual
node. Multi-Layer Overlay Network(MLON) resources
organization mechanism proposed in this paper is make
full use of the overlay network technology and resources
which are large, widely distributed, heterogeneous and
dynamically changed in the grid of P2P technology
organizations to better meet the dynamic environment of
the grid system.

A. Model Organization Sructure

MLON uses the combination of the hierarchical
structure and tree structure to organize overlay network.
As the service nodes at the bottom, all the resources in
the grid constitute the physical resource layer of the
model framework. A large number of grid resources are
classified according to the type of resources. The virtual
organization with an internal structure is managed by the
corresponding overlay network node. Multi-layer overlay
network structure is shown in Figure 1.

Overall, MLON structure will be divided into two
levels: the upper layer is the overlay network layer, or
MLON layer; the lower layer is the physical resource
layer, or the Internet layer. MLON consists of multiple
virtual layers. All nodes in each layer are classified by the
resource type and belong to different domains
respectively. Each domain is independent, and each node
in the domain uses the graph structure to connect each
other in the form of structured peer-to-peer. Each layer
adopts the method of the upper managing the lower. A
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virtual node of the upper manages a domain of the layer.
Looking down from the top of a node, virtual nodes adopt
tree structure to organize them.

The frame of MLON

Figure 1.

Domain and layer as the basic logic unit is used in the
MLON. A vast amount of resources are logically divided
into several domains through the classification. Each
domain is managed by the Resource Router. Resource
router holds a large number of service information of the
domain nodes. Resources belong to different domains by
type. When virtual nodes of a domain increases to a
certain number, the domain was divided into two or more
smaller domains, which leads to the granularity of
resource type small; on the contrary, when the nodes of a
domain is reduced to a certain number, the domain nodes
is merged, which leads to the granularity of resource type
large. Thus a multilayer overlay network is formed.

B. TheBasic Definition

Definition 1: Grid Resource R=<ID,Ao0p() > ,

where |ID represents the resource R identifier; A
represents the attribute collection of the resource R; op()
indicates the set of operations of the resource R When

reR .
3 (1) =18. 87 &j } ;
0p; (1) = (0P (1), 0Py (1)s+++, Oy (1)}

Definition 2: Management
Model G =< NG’ E,RT >, where NG represents the

Resource

n
set of all the nodes in the grid, that is to say N5 = _U1 n
=

E denotes the set of edges in the network; R denotes the
n

set of all resources in the grid, that is to sayR= U . ; T
=1

indicates the collection of the type of resource, that is to

m
say Tzkgltk . As reR , for V i

je [1, n] O = .When the type of resource T is
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represented by r(a) i.e.

r@=t . teT=>RAeT for V i

jE [l,m]:ti ﬁtj =7.

Definition 3: Domain  For each type of resource, the
connected and structured P2P, called domain, is
constructed by lots of information nodes which register
with the type of resources.

Definition 4: Overlay Network Node

ny =<VID, des,indexlist >, where VID represents the
virtual node ny, identifier in the overlay network; des
indicates the description of the node n,; indexlist

indicates the pointer list of the node ny,, it contains

pointers of linking to the parent nodes, the child nodes
and the brother nodes, namely
indexlist = {index _ f,index _s,index b} .Each resource
is assigned a globally unique VID address by overlay
network, which is bundled with resource node ID. VID

includes two parts of domain number (VID, ) and

intra-domain node number (VIDg), then two parts are

divided and each segment represents a certain type of
resources.
Definition 5: MLON Model

GV =< Nv,rf, IndexList >, where NV indicates the

n
set of all the nodes in MLON, namely NV =U Nyi s
1=

rf is the function of resources registration; IndexList

means the set of the pointer list in MLON.
Definition 6: Resource Router  Define the non-leaf
nodes in the MLON model as RR(Resource Router)

Definition 7: the function of resources registration rf

The domain of the MLON is divided by resource type
which is determined by resource properties. For each
resource, whether it is static attribute or dynamic attribute,

it is only active in a particular area[12]. If aj (r)ye[c,d],
m control points are inserted in the interval [c,d], when
c=c0<cl<-~-<cm_l=d and

b=(bo,bl,---,bm_l)=(0,0,---,0),forany aj(ri):

b ={1’aj(ri) =k ient) (1)

k"o, else
On the basis of formula (1):
rf5(aj (§) =b=(0,+-,1,+,0) , then

rf(a(ry)) = LrJ] rf(a; ()
j=l1

According to the definition 1 and 2, the following
assumptions are made:
Assumption 1: A resource belongs to only one type of
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resource, i.e. [I; (&) [=1. A resource can be registered on

multiple resource routers, one is the resource registration
node, others are nodes of the copy.

In order to better describe the structure of the MLON
model, according to the definition, the following
assumptions can be made:

Assumption 2: The neighbor of the node n, is only
its brother. ie.
index_ f(n,)=index_ f(index_b(n,)).

According to the definition and description, node
n,; in MLON has the following characteristics:

(1) vn,;eN, .if indexlistj (n;) #< , then
Jindexlistj e IndexList .
(2) Vn;e Ny if index_s(n;)#< , then

(3) Vnje Ny, if index_ f(n,;)=4, then n is

the top-level resource router node in MLON.

(4) Vng e Ny > ift index_s(n;)=%, then n; is
the leaf node in MLON.

Non-leaf node (i.e. resource router) in MLON is only
responsible for managing resource sub-tree which uses it
as the root and provides the sub-tree information for the
upper node. The nodes on the bottom are called leaf
nodes and the leaf nodes correspond to resource nodes of
the physical network, which contain all the information of
resources. In MLON, leaf nodes and non-leaf nodes only
distinguish logically.

IV. RESOURCE DISCOVERY ALGORITHM

Resource discovery algorithm is focused on resource
searching. If the grid dynamic changes like the joining or
exiting of the nodes are mastered, good resource
discovery algorithm is able to resource search.
Considered with the dynamic change of grid environment
from the resource routing nodes service deployment and
the resource nodes register, the resource discovery
algorithm of the Multi-Layer Overlay Network model
based on distance is obtained.

Because of the dynamic of the resources in the grid
environment, MLON must be able to self organized and
maintained. It mainly includes the registration of
resources, the cancellation of resources, the update of
resources information and the failure and exception
handling of resource nodes. These issues have been
discussed in other articles, so they are not described in
detail here

A. TheProblem Description
Definition 8: Grid resource discovery model for

request  processing K = {G, request ( R(A)) ,I} ,

where requst(R(A)) signifies the search request, it

defines the various attribute constraints which the
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resources of finding should be met; | denotes the
request-forward strategy in the process of resource
searching; K indicates the collection of resources found in
resource discovery process, which matches the search
request.

It has a lot of similarity between resource nodes in
each domain of virtual network. When looking for
resources, users usually not concerned about a resource or
a certain type of resources, but only pay attention to the
most relevant K results with the needs. The proposed
resource discovery algorithm in this paper combines
Source Searching Technique Based on Style Matching
Routing(SMRT) with Source Searching Technique Based
on Topk Algorithm(TopkT) to finally find the collection
of resources K which match the search request of user.

Definition 9: Euclidean distance The

P1=(X)X2"'9Xn) and P2=(y19y25yn) are
regarded as the point in Vj,, so we can define the

formula of Euclidean distance d( Pl’ P2) as follows:

n 2
AR Py =[R -y = 2, 05 -3 3)

Definition 10: Blocks distance For any
P]:(Xl’xz.“’xn) and

P=0Y.Y¥n)-R:B € Rn, so we can define the

formula of Blocks distance dS(Pl, P2) as follows:

n
ds<P1,P2>=i§1\xi -vi| @)
Definition 11: Chessboard distance For any
Plz(x,xz-u,xn) and

Py =YYy Yn) >R, Py € R", so we can define the

formula of Chessboard distance dC(Pl, P2) as follows:
de(R.Py) = max (x — i) 5)

Theorem 1: For any I:’1 =(X1,X2---,Xn) and

n
P2:(y1’y29yn) P Plapze R ,then

de(R.Py) <d(R.Py) <dg(R.Py).

After the user requests resource, grid system can
quickly find the resource domain which matches the
request of user, because the RR in the resource domain is
responsible for assigning the most appropriate resources.
Resources in the resource domain can be uniformly
represented with a point of the m-dimensional
coordinates. Searching a resource can be seen seeking a
point that satisfies the query conditions in the
m-dimensional coordinates. So, request(R(A)) can be
converted into seeking the K resources which satisfy the

query conditions and whose distance is nearest from
enquiry point in the m-dimensional coordinates.
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By the Euclidean distance formula, m-dimensional
resource attribute query can be converted into a
one-dimensional range query to meet the grid resource
discovery mechanism principles of multiple attribute
queries. According to the formula (3), (4), (5), it can be

seen that the calculation of dgand dgis simpler than
the calculation of d. According to theorem 1, if we use

dg instead of d, the calculated value will be larger; if

we use Oginstead of d, the calculated value will be

smaller; deviation value of the two methods are often
large. So we can consider using an appropriate linear

combination of the dg and d; instead of d. This

will not only improve the efficiency of calculation, but
also make the deviation value smaller. According to the

proposed method in [13], we can calculate o(dg+d¢)

instead of d.

When searching for resource, users often have a
preference for a certain attribute, so the resource
attributes are weighted according to users’ need when

they query. Let W(w WI’WO) be the attribute

m-1""
m=1

> W =1. So the distance

weight of resource I; , where 0
iz

between resource I

i and enquiry point r

is given

below.

max

d =o(. Z (‘ J J‘xw )+O<j<m—l

{‘ Ij —aj‘ij})

(6)

The method that uses an appropriate linear

combination of Blocks distance and Chessboard distance

instead of Euclidean distance reduces multiplication

operation and has a high operation speed, thereby the
efficiency of resource discovery has been improved.

B. Algorithm Description

Resource discovery algorithm based on MLON can be
divided into two parts: the user’s request is passed
between nodes RR; the request is transferred and
searching for resource in matching types of resources
domain.

After request(R (A)) is submitted, the Resource
Router in the network generatesVID; by the function
rf , then it makes and operation with bitwise between
VID; and VID of node RR If the result is equal to

VID , it shows that the resources of query are in resource
domain which is managed by node RR, ie. if

3(VID; AVID) =VID ,thenr; € R(VID) . Otherwise, the

request is passed, until the resource domain that accords
with the request is found or Time To Live (TTL) of
request message is zero.
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When the bottom resource router RR: receives a

J

request, request(R; (A)) will be transponded towards

each node of its management domain by the router. When
receiving the request, the leaf node first tests itself
whether meet the requirements of the query. If it meets,

the distance d; between local resource and query point

is calculated. Then di is returned to the resource router.

Based on the optimal matching principle, the nearest k
resources with request(R; (A)) will be returned to the

user by the resource router according to d; . The

resource discovery algorithm of the Multi-layer Overlay
Network model based on distance(BC-DIS) is given
below.

Algorithm: The resource discovery algorithm of the
Multi-layer Overlay Network model based on
distance(BC-DIS)

Inputs: W, request(R (A)), k, ttl ;

Outputs: The optimal K resources.

BC-DIS (W, request(R (A)), k, ttl)

Begin

(1) user sends  request(R (A)) to MLON;

(2) r(a)=request(R (A);
(3) VID; =rf (1 (a);
(4) While ((VID; AVID)#VID ) {

domain of matching resources*/

(5) ttl-1, if ttl is less than 0, then the identifier which
represents the end of the life cycle of registration message
is returned.

(6) If (index_ f (VID) = Null )

(7) Node RR delivers request(R (A)) and VID,
towards father node;

(8) Else

(9) Node RR delivers request(R (A)) and VID,
towards brother node by the best neighbor strategy; }

(10)While( index s(index _s(VID)) = Null )

{ /*search father node RR j

(11) ttl-1, if ttl is less than 0, then the identifier which
represents the end of the life cycle of registration message
is returned.

(12) Node RR delivers request(R (A)) and VID,

towards child node, the request is passed by the best
neighbor strategy in the domain; }

(13) RR j transmits the request towards child node;

/*search the

of matching resources */

(14) The distance d i between leaf node r j

is calculated by leaf node, then returns d ; ;

J
0’ 1’

and 1;(a)

(15)Return TopK = SelectMinD(d
End

,dpn);
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C. TheAlgorithm Time Complexity Analysis

Assuming the number of grid resource type is n,
namely |T|=n; , the number of nodes with the lowest layer
resource domain that requests to be matched is n,, the
height of MLON is h, the number of resource return is k.

From the above algorithm, we can get to know that the

resource discovery process can be divided into two stages:

(1) the first stage is that user requests to find resource
domain. The worst case is that the requests of user are
transferred from the leaf nodes to the top of MLON. Then
it traverses the top of the resource routers. Finally, it sent
a request to (h-1) layer resource routers of the MLON.
The number of comparison between requests and nodes is
(2h+n,). As the number of resources managed by the
top-level resource routers has a threshold, the depth his a
constant. (2) the second stage is that the request is
propagated in the matching resource domain. When all
the resources in the domain satisfy the request, the
number of comparisons is (n,+tk(n,-k)). Therefore, the
time complexity of the algorithm is O(ns+n,).

V. THE EXPERIMENTAL EVALUATION

Experiment employs GridSim[14] simulation toolkit to
simulate experiment about the grid resource discovery
algorithm BC-DIS and grid resource discovery algorithm
based on flooding[15]. Use the JDK and JCreator as a
programming environment. The program is running on
Windows XP platform.

A. Experimental Environment Settings

The experiment only simulates computing resources in
the grid, not considering other grid resources. In the
process of simulation, we need to ignore change of
network topology in resource discovery at a time, and all
the resource information should be kept stable and
effective in the network. According to the macroscopic
statistical properties showed by the system, we will
simulate. When we ignore the dynamic changes of the
various details of the system, we can simplify the
problem under the condition of grasping the essence of
the system.

Supposing the number of resource nodes of the model

is 50000, namely |N [=50000 , |R|=50000 ; the
G

number of resource type is 10, |T |=10, Various types of
resources are evenly distributed and
Max(Ny; (R(A)) = 5000, Min(Ny; (R(A))) = 50

According to the experimental environment, the node
n,; of the MLON must meet the following two conditions:

(1) 3f(ny;) e @.thenso < [N; | <5000, de(ny; ) = 4
(2) VS(n;)e @.ther50.<|N(f(n,;)| < 500.de(n;) = 4

where de(n;) represents the degree between nodes n; and
its sibling nodes in a certain layer of the MLON. f(n)
represents the parent node of node n;, S(n;) represents the
child node of node n;.

In flooding resource discovery mechanism, an average
degree between nodes is 4 with life cycle in the way of
TTL controlling request information in the network.
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In order to make the comparability between the two
kinds of resource discovery mechanism, the concept of
Resource Density [16] is introduced:

Definition 12: Resource Density is the proportion
between the resources that meet the search conditions and
the total number of all the resources, that is to say

d= [NR | , where d indicates the density of the
N |

resource I which is corresponded with request (R (A)), its

unit is 1/1000. Ny indicates the resource node set that

matches with request(R(A)). N represents the set of all

resource nodes.

B. Smulation Analysis

In the process of simulation experiment, experiment
runs many times with different user requests, and
simulation results are the average of the experiment
results. There are three important performance indexes of
the resource discovery algorithm: the number of nodes
involved in the process of resource discovery, response
time and the success rate of lookup. This section mainly
compares BC-DIS resource discovery algorithm with
flooding resource discovery algorithm through the three
indexes.

B1. The Comparison of the Number of Nodes Involved in
the Process of Resource Discovery

The comparison of the number of nodes in the resource
searching for the two kinds of resource discovery
algorithm is shown in Figure 2. Seen from the Figure 2,
with the increase of density of resources, the number of
nodes involved in BC-DIS resource discovery algorithm
is far less than flooding algorithm. Especially when the
density is small, BC-DIS algorithm has more obvious
advantages.

£ 8
< B e ipnne BCDIE
. | . — Aaodine
= Lt .
] 2 .
2 30| E
E' 23 F )
-; '\"I -
2 -
= 153
10 b i'------._.... ______ *
5 | sy, L TP -
I A
3 5 7 14 =
d(1/1000)

Figure 2 Referenced nodes

B2. The Comparison of Response Time

Response time is the average time from a resource
request to receiving a successful response by user. Judge
the response time according to hops in the path in which
service request is forwarded. The comparison of the
number of hops in the resource searching for the two
kinds of resource discovery algorithm is shown in Figure
3. Seen from the Figure 3, the hops of the BC-DIS
resource discovery algorithm are less than the hops of
flooding algorithm. But with the increase of density of
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the network resources, resources satisfying the requests in
the system increase, and the hops of two kinds of
resource discovery algorithm become smooth and

consistent.
14
) n__ ---#--- BC-DIS
12 -
b —m— flooding
0t . S -
T
z & r - e B
3 R ——
k] ¢ |
4 -
3 i i i i I
1 3 5 7 10 20
d{1/1000)

Figure 3 Hops

B3. The Comparison of the Success Rate of Lookup

The comparison of the success rate of lookup for the
two kinds of resource discovery algorithm is shown in
Figure 4. Seen from the Figure 4, two algorithms can
always find the resources with the increasing of lifecycle
of information. The BC-DIS algorithm discovers
resources more effectively when TTL value is small.

100% e

.-‘-‘---

90% | o

»
80% | s
0% T o
0%
0% S oW
s0% | &/
0%

---#--- BC-DIE
—— flooding

auccessrale

0% | o
10% |
0% - — - -
3 5 7 9 14 11
TTL {min)
Figure 4 Research success rate

It can be seen from the above simulation results that
the use of resource discovery mechanism proposed in this
paper can achieve better query efficiency with less traffic
and node hops in large quantities of certain resources.

In addition, resource search results of two algorithms
are found: grid resource discovery algorithm based on
flooding that adopts the resource search method of
comparison of the attributes often returns to results with
deviation of attribute too much; grid resource discovery
algorithm based on BC-DIS supports multiple attributes
and range search, and it can return to the k most
appropriate resources according to customer request, so it
has the highest customer satisfaction.

VI. THE CONCLUSION AND FUTURE WORK

Because of disadvantage that layered resource
discovery mechanism is strongly dependent on resource
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routing nodes in the grid, a grid resource discovery model
based on MLON is given. And on the basis of MLON,
the grid resource discovery algorithm based on distance is
proposed by using a linear combination of the block
distance and chessboard distance instead of Euclidean
distance. Through performance analysis and simulation
results, the model has fault tolerance and scalability. And
it also meets the requirements of the grid dynamics,
distribution and scalability. Then it can shield
heterogeneity among the resources. The next step is to
deploy the model to experiment in real grid environment.
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