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ABSTRACT

Computational grid is an emerging computing infrastructure that
enables effective access to high performance computing
resources. Service discovery is one of the most important research
issues of grid computing. However, traditional service discovery
algorithms are not suitable for grid environment due to the facts
of inherited decentralization and loose coupling of grid
application itself. To address this problem, we in the paper
analyze the limitation of those traditional algorithms, and present
a novel grid oriented service discovery algorithm based on
quickest response approach, namely DSDA, which is essentially
decentralized. DSDA also takes network latency and processing
capability of service nodes into account. Our later experiment
justified DSDA's effectiveness in the grid environment.

Categories and Subject Descriptors
D.2.m [Software Engineering]: General.

General Terms
Algorithms

Keywords
Grid computing, service discovery, decentralization, network
latency

1. INTRODUCTION

The emergence of global computational grids brings changes to
the traditional paradigm of distributed computing. It is now
possible that one computation task is executed by a collection of
different computing and communication services or resources,
virtually brought together by the grids [1]. Grid applications are
distributed, autonomous, dynamic and loop-coupled, and
numerous homogeneous or heterogeneous nodes work
cooperatively.
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These characteristics bring challenges to traditional service
discovery algorithms [2]. First, traditional algorithm needs to
select an arbitration node that is responsible for request
assignment. If the arbitration node is malfunctioned, other nodes
could not work well. Taking UDDI (Universal Description,
Discovery and Integration) as an example, tremendous service
provider information is stored on centralized UBR (UDDI
Business Registry) servers potentially, which makes servers
become the bottleneck of the system. Additionally, the
information stored in UBR servers is static. To keep the
coherence and validity of the UBR servers' information is
difficult. Second, traditional algorithms focus only on static
functional specification, and seldom consider run-time
information of service provider. In grid environment, nodes
connected via wide area network, the network latency cannot be
neglected, and the processing capacity of each service node
differs much. So, runtime service discovery should take these
factors into consideration.

The desirable features of grid service discovery should be both
scalability and efficiency [10]. To achieve scalability, service
discovery should not rely on only a few centralized nodes, which
could be potential performance and security bottleneck. To
achieve efficiency, qualified service providers should be located
rapidly without too much network and processing overhead. In
this paper, on the basis of quickest response algorithm, we present
an enhanced decentralized service discovery algorithm for global
grid environment, namely DSDA, which is both scalable and
efficient.

The remainder of this paper is organized as following, section 2
describes the system model and service model; section 3 presents
DSDA algorithm, and also the validation proof; section 4 gives
performance tests and results; related researches are discussed in
section 5, and we conclude the paper in the last section.

2. Model Description and Formulation
2.1 System Model

Suppose the number of nodes in the system model is n (n>=2).
These nodes are connected by network in some kind of topology,
and different node has different processing capability. Because
there may be some joining nodes, crashing nodes and dropping
nodes that change the topology of the system, we simply suppose
the topology of the grid system does not change during one time
of load distribution procedure, i.e., the amount of nodes in the
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system model does not change. So the system can be represented
by an undirected graph G= (¥, E), where set V denotes
heterogeneous nodes and set E denotes communication links of
nodes.

As we can see, |V|=n. We mark the nodes in Vas V, V, ..., V,.

So set V={V; | 1= i< n}. The heterogeneity of V; is depicted by a
five-tuple (i, C, L, Service, Table;), which is defined as follows:

® | represents the unique serial number of the node, and
1<i<n.

®  (, represents the processing capability of node 7, and it’s a
positive number. C; is determined by the hardware
architecture of ¥, such as CPU and memory. We define a
standard value, and each C; is a relative value to the
standard value.

® [, represents the load status (e.g. CPU & memory utilization
rate) of V;, and its range is [0, 1).

®  Service; is the table of every running service in V.

®  Table; is a forward list, and is a set of record R. R=(IDs, V,
t), where IDg is the ID of service to be invoked, V is the
node to forward the request of invoking /Dg, and t is the
latest update time of record R.

®  Set £ denotes communication links of nodes, i.e., E= {D;; |
I<i<n, 1<j<n}. D;; represents the communication latency
time between V;and V. We simply suppose D, ;= D;,.

2.2 Service Model

Each service is depicted by a triple (IDs, Ts, M), which is defined

as follows:

®  /Dgis the unique ID of service, and in our case is the name
of service.

®  Tgis the time cost of the service that running in a node with
one unit processing capability, and it is determined before
the service is deployed.

® M represents the weighted factor of the system, and it is the
most important factor which is using to calculate the latency
time of each node.

3. DSDA Algorithm and Analysis
3.1 Strategy of DSDA

In decentralized service discovery, any grid node can accept and
forward service request, there is no proprietary service broker.
The basic idea of quickest response approach for service
discovery is when any node in G that receives a request for
invoking service S, to find the most suitable node and forward the
request to this node. Unostentatiously, in order to get the best
result, the node V; which receives the invoking request has to
forward the request to other nodes in G. Other nodes which have
deployed the service S, run S and return the result to V. If the first
response is from V}, then V; will be the best node for running this
request. Obviously, this approach is costly.

An improved approach is, when each request arrives, every node
doesn’t run service S but uses a simulation of running service S.
Suppose the request is forwarded by node V;, and the time of
forwarding request, running service and returning the result to V;
by V;is T(i, j). The time of running service S on a node of one unit
processing capability is represented by 7. Then the time of

T,

5 . And

Ty=——5—
YoCx(1-L)

running S on node V; is

T(,j)=2XxD, , +Tj

If node V; has deployed S, then it waits T;and return a response
to V; when receiving request from V;. The time T§; is regarded as a
simulation of running S on node V;. Node V; will assume the first
responded node to be the most suitable one and forward the
request to this node.

It’s easy to see the improvement of this approach, for it uses a
simulation of running services and the result of this approach is
almost the same as the former approach. However, it also has
some limitations, i.e., when node V; receives requests, it has to
wait a interval of Ty and then returns the response to V;. This
interval is so long that it is almost the same as running the service.

A further improvement could be, when node V; receives the
request, it doesn’t wait for T;, but multiply 7; with a constant M,

ie, Ty =M xTy . And T'(i, j)=2xD, ; +Ty,.

We can decrease the value of M, and let T, s; not affect the result.
That is, the value of M satisfies the following condition:

Condition 1: If T7(i,k) T'G,1)
T°(i,2), ..., T'(i,n) }, then T(i, k=min{T(, 1), TG, 2), ..., T(,
n)}.

When node V; receives request from node V;, then wait for a

=min{

interval of T, S’/ and return a response to V;. Node V; will forward

this request to the first responded node. Because the condition 1 is
satisfied, 77(i, k) is the minimum value, so 7(i, k) is also the

minimum. That is, no matter node V; waits for Ts; or T, S; , it will
get the same result.

In this approach, the interval that nodes should wait has been
decreased, and the algorithm DSDA is based on this approach.

3.2 DSDA Algorithm

In a grid G= (V, E), node V; receives the request of invoking
service S at the moment of 7g,i,. The following algorithm outputs
the response node Viequy;-

For node V;:

(1) Searches service table Service;. If service S isn’t deployed,
then jumps to (3), otherwise searches corresponding record
R=(IDs, V, t;) of S. Compares t; with tgegy, if R; is expired,
then jumps to (2), otherwise V.=V and algorithm ends.

(2) Sends Request= (i, IDs, tgeg) to other nodes, and calculate

. MXIT;

" Cx(1-L)
response is from node V; at the time ¢, then V=V, and
update the record R= (IDs, j, t;). If no response received
after T;, then Vg =V;. Suppose the time of V; is ¢, then
update record R= (IDs, i, t;5), and algorithm ends.

(3) Sends Request= (i, IDs, tgegy) to other nodes. Suppose the
first response is from node V; at the time #;3, then Vieq=V;

at the same time. Suppose the first



and update the record R= (IDg, j, t;3). Algorithm ends.

For other node V; in G:

(1) Search service table Service; when receiving request from V.
If service S isn’t deployed, then algorithm ends.

M XT;
C,x(1-L))
IDy;, j, tpegiy) to V; after T;. Algorithm ends.

3.3 Validity of DSDA

The objective of DSDA is to take the processing capability, load
and network latency of each node in account, and provide the
fastest response of each request. So the criterion for evaluating the
validity of DSDA should be, whether the output of DSDA is the
best choice for processing the specific request.

(2) Calculates Tj = and sends Response= (i,

We propose the following theorems in DSDA.

Theorem 1: There is a non-negative M which satisfies Condition
1.

Proof: First, the time that node V; waits can’t be negative, i.e.,

M XT;
C;x(1-L))
soM=0.

= (0.And Ty, C; and 1-L; are all positive values,

Second, when M=1, T(i, j)=T’(i, j) . Condition 1 is obviously
to be satisfied. And when M>1, T'(i, j) > T(i, j) . That is, the

time node ¥; waits is longer than running the service, the
algorithm is useless when M>1. So the value of M should be in
the area of [0, 1].

T,
Now define ¢, =2xD, , f,=—3>——
' s C;x(1-L))

can be a linear equation of M. T'(i, j) = o, +ﬁj XM . So

. So T'(i, j)

Theorem 1 can be represented as:

AP [0, 1), When M=P and T'(i, j) has the minimum
value, then when M=1, T’(i, j) still has the minimum

value. T '(i, J) is represented as the line in Figure 1. Because of

the continuity of the line, there is a point P;. When the value of M
is in the area (P, 1), Condition 1 is satisfied.

0 P, 1

Figure 1 T’ (i, j)

So, there is a non-negative M which satisfies Condition 1.

Theorem 2: The output of DSDA is the best choice for
processing the specific request, if proper value of M is set.

Proof: Suppose the first response that node V; receives is from
node V. That is, 77(i,j) =min{ T°G, 1) , T'G, 2)
..o T'G, n) )

According to theorem 1, there’s a proper value of M that satisfied
Condition 1, and 7(i, j)=min{7(i, 1), 1(i, 2), ..., T(i, n)}.

So, V; is the best choice for processing the specific request.
There’s no cycle in DSDA, so the complexity of DSDA is O(1).

In DSDA, the value of M affects the result and performance.
When the value is relatively small, DSDA stresses on the network
latency, while the value is big, stresses on load. But obviously,
the value should be as small as possible at the precondition of
satisfying Condition 1.

4. Experiments and Analysis
We have made three groups of tests aiming at the scalability and
performance of DSDA, which are presented in detail as follows.

The hardware environment of the test is Dell PowerEdge2600,
with two Intel Xeon 3.06G Hz CPUs, 2G memory and 36G SCSI
hard driver. The software environment is Globus Toolkit3.2 [3]
and RedHat Linux9.0. We use threads to simulate the nodes in
grid environment, and each thread represents for one node.

In the experiment, we use the CPU frequency and memory
volume to assess the processing capability of each node, use CPU
usage and memory usage to judge the load. We compare DSDA
with QRA (quickest response algorithm) [4]. QRA is very similar
to DSDA in that, the controller in QRA records the network
latency to other nodes, and forwards the request to the fastest
responded node. However, differs from DSDA, QRA still need a
monitoring node to forward the requests.

4.1 Scalability evaluation
The service invoking requests arrive at a random order, and
satisfy following conditions:

®  The requests are independent of each other.

® To a Af which is small enough, the possibility of there
being one request arrives in the area of [f, t+ Af ], is
independent to t and in the direct ratio to Az .

® To a Af which is small enough, the possibility of there
being more than one request arrives in the area of [¢, t+ At ]
is very small.

With these conditions, we can describe the arriving of the requests

by using Poisson distribution. So, in the interval of [¢, #;+7), the

possibility of there being n requests is

R(n)zm—t3e*4’(n =0,1,2,L).
n:

This experiment is to evaluate the scalability of DSDA. The network
latency between each nodes variates from 50ms to 1s. And the
execution time of 80% services ranges between 200ms and 2s. In



this experiment, we set A to be a constant and adjust the number of
the nodes to evaluate the scalability. The experiment data is
shown in Figure 2, where X axis represents for the number of
nodes, and Y axis represents for the average complete time.

As shown in Figure 2, the average complete time keeps almost
steady when the number of nodes increases within 500. And as
the number of nodes are over 500, the average complete time
increases at a very low speed. So DSDA works well in scalability.

@
S
T

Average Complete Time (ms)
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Figure 2 Scalability of DSDA

4.2 Performance evaluation

The environment is almost the same as experiment 1, except that
the number of nodes is fixed to 100. We compare the performance
of DSDA and QRA in different working loads and show the result
in Figure 3. In this figure, the X axis represents for the average
number of requests that arrive in one second, to evaluate the
working load.

QRA is based on network latency and doesn't take working load
into consideration. When the requests arrives slowly, i.e., working
load is not heavy, QRA gains a better performance because of its
simpler processing procedure. However, when the load becomes
heavy, DSDA assigns working load better and gains a better
performance.

350 e

---0--- DSDA —o— QRA

Ti

¢ Complete
S
S

Averag
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50 250 750 1000

500
Average Arrived Requests

Figure 3 Performance of DSDA

4.3 Load balancing evaluation
We also fixed the number of node to 100, and run the same task to
compare the load balancing performance of the two algorithms.

We pick 20 time point randomly and get the load L; of that
moment in node ¥V to Vyg. The value of L; is represented in
number, e.g., when the load of Vs is 50%, then Ls=50.

So the average value of working load is:

100
S,

— i=l
"7 100

And the standard deviation is:

We calculate the oy to 03 of these two algorithms, and show
them in Figure 4. As we can see from the definition of the
standard deviation, the bigger value of o means the working load
of each node differs more. So DSDA gets a better assigning load
balancing performance than QRA.

25

Figure 4 Standard deviation

5. Related works

There are many researches concerning service discovery in grid
environment. Initial researches mainly focus on service
functionality matching. The key technology is building
specification model to describe service functionality. The
approach evolves from syntactic-based interface description (for
example WSDL) to semantic-based description (for example,
Semantic web and ontology) [13], and in many service ontology,
service providers' QoS are included. However, these approaches
do not consider the runtime information of service environment,
the discovery mechanism using static QoS attributes of service
provider specified in service deployment time can not adapt to the
variation of runtime environment.

With the development of global large-scale computing grid,
decentralized service discovery mechanism has been intensively
investigated. Presently there are two kinds of solution: P2P-based
approach and agent-based approach.

In P2P-based service discovery models, certain data structure
such as DHT (distributed hash table) [11] or DPT (dynamic prefix
tree) [12] were used to efficiently manage service information and
forward service request. In fact, these approaches are not
completely decentralized, because they require DHT nodes to



route service requests. As in our approach, there is no proprietary
router, any node can accept and forward request, so it is
thoroughly decentralized.

The SLP (service location protocol) [5] of IETF defines an agent-
based service discovery framework. However, SLP is designed
for service discovery in limited area, such as local area network,
so it is not very suitable for wide area network environment.
Although some extensions to SLP have been proposed aiming to
the WAN environment [6], it is still found unsuitable for global
grid environment. Zegura and Stemm introduce anycast of
applications into service discovery [7, 8], and compare the QoS of
each service provider, but their approach does not consider
runtime information of grid environment. Cao J. et al also propose
an agent-based and performance-driven resource scheduling
framework [9]. This framework uses agent to represent the
resource grid. Agents communicate and cooperate with each other,
and use service discovery mechanism for resource sharing.
Comparing with ours, this approach is tight coupled with
applications and will increase the additional development.

6. Conclusion

Traditional service discovery and resource sharing algorithms in
grid computing are lack of loose-coupling and distribution, and do
not take the network latency and working load into consideration.
We proposed a grid service discovery algorithm based on
decentralized quickest response approach, it has an efficient
scaling mechanism for load balancing among requests. Our
simulated experiment justified algorithm's effectiveness in the
grid environment.

The deficiency of the algorithm lies in how to determine and
change the value of weight, so one of our future works will
emphasize on the adaptive change of the weight and the method
the weight to be propagated in grid environment. Another future
work will be applying this algorithm in a real grid infrastructure.
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