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Abstract. Constellation resource discovery model is a novel model for discov-
ering the dynamic resources in Grid. In constellation model, we propose a new
Scalable Multi-tape Universal Turing machine (SMUTM) to present the proc-
esses of simultaneous discovery tasks on the constellation nodes, and formally
describe the usability of the Grid resource based on the SMUTM. In this re-
search, we design an algorithm used in the constellation resource discovery,
which guarantees overlaying all the nodes in Grid and optimizes the network
cost. Preliminary simulation shows that this algorithm complexity is linear; the
average response time can be reduced by 12%. Constellation model ensures the
QoS of the resource discovery in the scalable and dynamic Grid environment.

1 Introduction

A basic service in Grid is resource discovery: given a description of resources desired,
a resource discovery mechanism returns a set of resources that matches the descrip-
tion [1]. MDS [2] is the typical centralized resource discovery mechanism. MDS
organizes the resources into a layered tree structure. As Grid sizes increase, some of
centralized or hierarchical functions should be decentralized to avoid the bottlenecks
and guarantee scalability.

Peer-to-Peer (P2P) model can be adopted to overcome the deficiency of the central-
ized or hierarchical mechanisms. In order to solve the flooding-based search mecha-
nism and topology mismatch problem, location-aware topology matching (LTM) was
proposed [3]. But other problems still exist. In P2P, each peer acts as client and server
to implement resource discovery. Although peers have different performance and
different network connections, they have to do the same computation tasks and main-
tain the same size record of overlay connections, which unnecessarily consume Grid
resources and increase the response time.

Super-Peer network [4] is growing popularity, which combines the efficiency of
autonomy, load balancing and robustness of distributed search. However, in Grid,
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service node is organized by Virtual Organizations and future interconnection
environment will be a large-scale human-machine environment [5]. Using P2P sys-
tem, the management and organization of nodes become difficult with the enlarging
of the scale of Grid, and security of Grid is also difficult to be guaranteed. Because
the nodes join and leave Grid frequently, the overlay network built on them is un-
steady, and need to rebuild at a regular intervals, so the number of hops required cov-
ering all the nodes and the quality of service (QoS) of services in Grid is uncertain.

In this paper, we adopt the constellation model [6] for the resource discovery to re-
solve the problems mentioned above. Just like the constellation in the sky can guide
the voyage, the constellation in Grid can navigate resource discovery.

A Scalable Multi-tape Universal Turing Machine (SMUTM) is proposed in this pa-
per. SMUTM is used to denote the behavior of the concurrent tasks and their relations
in dynamic Grid environment, and to describe the Grid resources’ properties for the
constellation model. We design a new discovery algorithm to reduce the response
time of resource discovery, and it provides benefits such as anonymity and using less
bandwidth.

The rest of the paper is organized as follows. Section 2 introduces the constellation
model. Section 3 gives a formal description of resource discovery and the properties
of the Grid resources. Section 4 discusses a new discovery algorithm and its optimiza-
tion solutions. Section 5 analyzes the results of the simulation on a prototype. Section
6 draws a conclusion.

2 Architecture of Constellation Model

Reference [6] proposes a Constellation model for Grid resource management, which
addresses the criterions for node selection and redundancy. The nodes in Grid consti-
tute multiple constellations according to geographically dispersed or application
policy. Nodes in a constellation can be divided into fixed star, planet and meteor
nodes. Each planet and meteor node must connect to at least one fixed star node, and
the fixed star nodes constitute a steady formwork of the constellation. Resources are
published on the constellation. Constellations are connected together to form a virtual
galaxy overlay network.

The architecture of the resource discovery based on constellation model is shown
in figurel. The constellation layer is the core layer. Galaxy overlay network can be
built on constellation layer in various ways. Nodes in the service provider layer could
choose any constellation to publish its services. Based on some policies such as the
load balancing, the services will be finally published on a chosen fixed star or planet
node. User can submit requests via some portal or other job-entry interface. The portal
shown in the figure could then transfer the request to an appropriate local constella-
tion according to the location of the user.

Various communication protocols and security policies can be used inside the con-
stellation. A constellation could be a little laboratory or large-scale industry. It can
extend to multiple organizations or multiple physical locations.
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Fig. 1. The Architecture of Constellation Model

3 Formalization Descriptions

3.1 The States Transition of Discovery Process

Automata is a model of computation that can record the states at any given time and
identify the input of system. It can be used to describe the process of resource discov-
ery in Grid, discovery events and transitions of the states as a result of an action.

Definition 1: Automata of resource discovery is based on the constellation model
M={{50,51,52,5354},{0,1,2}, ,{s0},{50,54} } where K={s,5,,52,535,}, K is a finite set of
states; 2={0,1,2},is an input alphabet; dis a transition function from KxZto K; sy=K
is the initial state. F={s,,s,}, F is the set of final states, F c K.

Fig. 2. States diagram represent the transition of states in M
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If the value returned by the query function is true, it means that resource discovery
is successful, and M is driven to sO. State sl denotes choosing the neighbor constella-
tion. State s2 denotes request’s being transferred to other constellations. State s3 de-
notes querying on the nodes in the same constellation. M will be driven to state s4 if
none of qualified resources are found or the query is abandoned for any reasons.

In M, the letter 0 shows doing querying, while / stands for query is successful and
2 denotes exiting for errors. The transitiond: Sx) —S is shown in table 1. In practice
M must be restarted when a new query request is submitted to the system, no matter at
which state M is before.

Table 1. The state transition &

§:SX Y-S 0 1 2
So Sy So /
S S2 So S4
S> S3 So Sq4
S3 S So Sq4
S4 / / /

3.2 Scalable Multi-tape Universal Turing Machine

Universal Turing machine U is suitable to analyzing single algorithm or program.
Intuitively, U takes two arguments, a description of a machine "M", and a description
of an input string "W". We want U to have the following property: U halts on input
"M", "w"if and only if M halts on input w. It is U("M","w")="M(w)" [7]. But resource
discovery in Grid includes many concurrent tasks and actions, and various query
policy could be used in the constellations.

The Turing machine is not durable. The history computation cannot be utilized, so
we need to modify U in order to describe the behavior of the concurrent tasks and
their relations. We added work-tapes to U for recording the previous output. Multiple
input and output tapes are added so that there will be a durable work-tape for each
output one. The output of the computation will be recorded as part of the input for the
next computation.

Definition 2: SMUTM is a finite set of sextuples. A sextuple is an expression of one
of the following forms consisting of six symbols:

(1) g Sj W Sk Wi qp (2) g §; WjRWi q 3)g; §; W/LWi qi

We intend a sextuple of type (1) to signify that in state g; scanning symbol s; and
wj, the device M will print s, and go into state g;, meanwhile record w; on the work-
tape. Similarly, a sextuple of type (2) signifies that in state g; scanning s; and w;, the
device M will move one square to the right and then go into state g;, and record w; on
the work-tape. Finally, a sextuple of type (3) is like one of type (2) except that the
motion is to the left.

We can use the SMUTM model to simulate the process of resource discovery. The
leftmost end of the tape is always marked by a special symbol denoted by > . Compu-
tations of resource discovery take place in all k tapes of the SMUTM. Resource
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Fig. 3. SMUTM model

discovery automata M in definition 4 could simulate the working process of each tape
head. A configuration of such a machine must identify the state, the tape contents, and
the head position in each of the k tapes. A configuration is a member
of Kx (> X" (X (Z~(BHU{e)) x (T <" (Z-{B})U{e}))* . B denotes blank symbols.
The symbol e denotes ending.

SMUTM reads string Mw as its input. If the last required resource could be found
in the next computation, the information on the work-tape will be copied to the output
tape and regarded as the output of this discovery task.

Computations can be performed concurrently when new requests come. The dis-
covery process should return all the resources that match a requirement description

3.3 Formal Definition of Resource’s Property

In the OGSA framework each resource is represented as a Grid Service [8], thus the
Grid can be regarded as a scalable set of Grid services. In order to research the char-
acteristics of resources in Grid, we will give a formal definition of them and introduce
some theorems and their proofs.

Definition 3: A pair R denotes available resource (M, W). M is a SMUTM; W is a
nonempty finite services set. Available means resources can accept requests from
users and return the acceptable results.

SMUTM reads the request mand writeo on the tape, Ifo € W, which indicates that
a result can be returned to the user after the service is invoked. If o is a request for a
certain resource, when SMUTM reads it, the result will appear on output tape. If
o & W, then SMUTM will reject the request and the service become available.

Theorem 1: An available resource has the following 4 characteristics: service is state-
ful within a lifecycle; service can halt even when exceptions happen; service is self-
reproducing; and service has standard interfaces.
Proof: We say SMUTM computes lifetime function f. r:( {8} ) —( -{s.B} ), if
the following two conditions hold for all we (X -{>,B} )’

a) dN, depending on SMUTM andw,such that there is no configuration C satisfy-

ing s,>Bw) FYc
b) (s,>Bw) V3, (huav)if only if ua=> B, and v= f(w)
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We say SMUTM compute f; N is an "upper bound" depending on the machine and
the input (condition (a) above). There is no computation continuing after N steps. It
demonstrates that SMUTM for all resource discover and f halt. Use Step-Counter
Theorem [9]. Adding a step counter, which limits the maximum resources that re-
questor occupies, such as CPU time, disk space etc. One simply "runs" program num-
ber y for up to ¢ steps.

Use the Recursion Theorem corollary  Je, for Vx, g, (x)=e [9]

This result means the program with number e consumes its "environment" and out-
puts a copy of it. When users release the resource, the service will be self-
reproducing.

Use the Fixed Point Theorem [6].

Let f(z) is a computable function. 3e,Vx,0,,,(x) = 8,(x)-

This means all the resources must provide a standard interface (GridService [8]).

Corollary 1: A P2P network can be represented by an undirected graph [10].
Resources discovery issue is how to cover all the nodes in the Grid. Services can be
published on some nodes; if we can find all the nodes in Grid, all exist services will
be discovered. Moreover we can discover the resources using minimum nodes set and
reduce the consuming of Grid resources. But the VERTEX-COVER [9] is NP-
complete problem. APPROX-VERTEX-COVER algorithm returns a vertex-cover
that is almost twice the size of an optimal cover.

3.4 Formal Describe the Constellation Model Discovery

Resources in constellation model can be denoted by the formal definition in Section
3.3. A node in constellation can be treated as a SMUTM according to definition 3.
The services will be available during the using of the requestor, which conform to
Theorem 1.The fix-star and planet nodes in a constellation can be organized into vari-
ous models, such as C/S or P2P. If only any fixed star node accepts a request, the
whole constellation could deal with it ultimately.

e The discovery execution time T (n) is presented in the following expression

e, if n=1 (1)

T = T (I m))+On).if n>1

Where 1 denotes that a request has n items; ©(1) is the execution time of an undi-
vided request. If a request can be divided into several sub-requests, each sub-request
will have ["/m items. ©(n) stands for the merging result time that is only relative to

n. The execution time of a resource discovery is determined by the last task, which
can avoid one task blocking the following.
e The architecture of constellation model can be expressed as

O={SMUTM, Network, QoS-Radius}. 2)
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@ means the set of all performance features of constellation model, for each ele-
ment ¢,<® quantitatively describe the tolerable variation in ¢ .. From the point of
view of Operating System, Grid Service typically consists of one or more processes;
so let SMTUM represent the service and data of a constellation. Network denotes the
overlay network connecting the constellations together according to different optimi-
zations. The values of all of the system and environment parameters may impact the
QoS performance features called perturbation parameters [11]. QoS-Radius is a two-
element perturbation vector <™, ¢™*>. gives the bounds of the tolerable variation
in & ;. Take response time as an example, the acceptable variation is up to 50 percent
of the estimated discovery time. @ is the time required to finish the assigned discov-
ery task by the ith constellation, and its corresponding<a™", @™ >could be <0,
1.5 (estimated response time)>.

4 Discovery Algorithms and Optimization

In the traditional P2P system such as Gnutella, the query response is forwarded back
along the reverse path that carried the incoming query message, which can guarantees
the anonymity of query source and avoids the bombard temporary direct connection
requests. While this method has the following shortages:

o Firstly, if the status of nodes is dynamic or the network is unsteady, the discov-
ery response could not return for the failure of the nodes or network.

e Secondly, it will take a long time for the responder’s return when the path is very
long. Because the response results should be stored in each node in the path and
then sent to the next node, a lot of unwanted operations are performed, which
probably make the response time unacceptable;

e Thirdly, the path that incoming query message follows is the same as query re-
sponse message, which will likely to cause network congestion. While the other
paths are free.

Apply constellation model to resource discovery, the query source such as from
planet can take the fixed star as proxy, therefore keep its anonymity. The fixed star
can support more direct connection that reduces the aggregate bandwidth. Hence,
using equation 1 and 2 we bring forward new algorithms in that the response mes-
sages are sent back to the user directly.

4.1 Non-Original-Trace Return (NOTR) Algorithm

The resource discovery is represented as a service. Users create an instance of the
resource query service with a randomly created name RandomGSH. The instance has
a service data named ServicesFound recording the query result, and a method named
RecordServices to record the query result in ServicesFound.

A request is firstly submitted to a constellation called the beginning constellation,
and then transferred to other constellations called the midst constellations. This algo-
rithm includes operations performed on the two separate parts.
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1. Procedures on the beginning constellation:

Beginning constellation: ( Do local querying, and then judge the result of the local query)
It (no qualified services are found )
{
Add RandomGSH into the query request message;
Update the request message;
Send the message to filtered neighbors of this constellation;
While (the time to stop querying is not reached )
{
If (ServicesFound is updated )
{ Notify the query result to the user application; }
}
Destroy the RandomGSH instance;
Stop listening ;
Stop resource querying;
}//end if;
Else
{
return the query result to requestor;
stop resource queryings

2. Procedures on the midst constellations:

Midst constellations: ( Do local querying, and then judge the result of the local query)

Tf (no qualified services are found)

{
Update the query request message;
Send the message to the filtered neighbors of this midst constellation;
Exit;

1

Else

{
Invoke the method RecordServices of the instance RandomGSH to update the ServicesFound
Exit;

}//end

RandomGSH is sent to neighbor constellations as part of the request. When some
qualified services are found in any constellation, the method RecordServices of the
RandomGSH instance will be invoked to modify ServicesFound directly, thus the
response is returned to the beginning constellation without passing along other constel-
lations. Then the Notification-mechanism in GT3 will notify the result to requestor
immediately. Therefore, the response time of the resource discovery could be
decreased.

4.2 Constellation Response Time Optimizations

In [12], messages that will be delivered to the same node are buffered and sent in a
single packet at regular time intervals, while messages with the same header are
merged into a single message with a cumulative body. This protocol efficiently re-
duces the number of Grid services operations. In order to further reduce the response
time, some optimization solutions are proposed as follows:
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e All the constellations in the path that incoming request followed must be
recorded, and this information will be sent to neighbors within the request. If
some neighbors have been present in the experienced path, the request will not be
sent to them.

e A request will carry the name of its beginning node and the serial number of
itself in the beginning node as its mark. If a constellation had handled with the
same request, it will simply discard the request without doing anything. Other-
wise it will cache the mark of the request before processing in local.

5 Prototype Simulations

The prototype system of constellation model is implemented in the National High-
performance Computing Environment of Xi'an Jiaotong University. Overlay network
simulator on the constellation layer adopts the 3-CCC (3-node cycle cube-connected
cycles) [13] connected-network model.

5.1 NOTR Algorithm

The query request messages are produced randomly. We will examine the response
time of the prototype, which adopts the (NOTR) algorithm and the follows the route
of original trace return algorithm respectively. Moreover the average time of all the
query results is also calculated. The result is shown in figure 4.

B the response time when using NOTR
O the average response Lime when using NOTR 20
20 B the response time when using source routing algorithms
17
@ 15
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Fig. 4. The comparison response time while adopting the NOTR algorithm and others

The response time only depends on the location of the qualified service firstly
found in NOTR. But the response time is linear with the biggest hops when adopting
the traditional algorithm. The NOTR algorithm reduced the response time greatly.
The average time of query results is also reduced nearly by 12%.



642 Y. Wang et al.

5.2 Constellation Network Load Optimization Solution

The scale of the constellation layer is as much as 80 constellations. We send to the
prototype with an unfruitful query request message, to which no services will be
matched. This unfruitful request is transmitted among the nodes in the constellation
layer. We measure the network load of the constellation layer using the times of the
request’s being transmitted. Figure 5 shows the times of transmitting when using sim-
ple flooding algorithm and when using our optimization solutions.

0 3500 3280
=]
s 3000 Nwhen using simple flooding algorithm
Q0
- 2500 Owhen using the optimization solutions
=
o % 2000
g QJJ‘ 1500
£ gl
©
S 5| 1000
0 500
2 1 4 1313 4032
= 0 '
-
1 2 3 4 5 6 7
hops

Fig. 5. Transmitting times comparison

The times increase exponentially with the increasing of constellation scale when
only simple flooding algorithm is used. But optimization solutions can limit the
amount of times to a limitary range, which will not exceed the number of constella-
tions. So the optimization solution can efficiently reduce the network load.

5.3 Prototype Evaluation

With the advent such as Dense Wavelength Division Multiplexing (DWDM) in fiber-
optic transmission and so forth, the overlay network based on it is also reliable. Re-
source discovery mechanism is based on the fixed-star nodes. The dynamic nodes
joining and leaving do not impact the entirety of resource discovery. We choose the
CCC model for the following reasons:

e The node degree of CCC is always 3. "From crawls of the Gnutella network per-
formed in June 2001, we found the average outdegree of the network to be 3.1"
[4]. So the adoption of the CCC model can represent the characteristics of net-
work, and overlay network will be easy to construct.

e The CCC model is characterized by its good scalability.

Table 2.The CCC model attributes[13]

Model Degree Diameter Scale
CCC 3 2k-1+[k/2] N =kx2k
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The letter k denotes the dimension of the CCC model. N is the number of nodes in
the constellation layer. Given N=100; 1000; 10,000; 100,000; then k=5; 8; 10; 13.
The diameters are 11; 19; 24; 31 correspondingly. The number of hops required to
cover all the nodes in the constellation layer equals the diameter adding 1.
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Fig. 6. The least number of hops with the scale of the constellation layer

In terms of the sharp increasing of the scale of the constellation layer, the minimal
number of hops can be acceptable. The complexity of the resource discovery can be
limited in an acceptable range for a relatively reliable environment as shown in
figure 6. Only the QoS of resource discovery service can be guaranteed if there are
qualified services in Grid could be found.

6 Conclusions

We have presented the constellation model for the Grid resource discovery. This
model has the following advantages: it could avoid the network congestion resulted
by flooding, cancel the limit of discovery hops; it has good scalability; resources can
join dynamically; the optimized path could be found after the galaxy overlay network
is built. We propose a scalable multi-tape universal Turing machine model, and use
the SMUTM model to formally describe the process of resource discovery and prop-
erties of resources. To investigate issues in QoS in the constellation model is among
our further research goals.
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