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Abstract
As the entities participating Grid become larger,
performance requirement for the LDAP-based

GIS(Grid Information Service) goes beyond that
provided by a stand-alone single LDAP server. This
entails the exploration of distributed LDAP systems.
This paper presents the performance evaluation
respectively distribution-based
replication-based LDAP model.
based on an analytic performance model for each

for a and a

The analysis is
distributed system which is obtained by applying the
M/M/1 queuing model. The performance evaluation
made to these analytic models reveals that the
distribution-based and the replication-based model
show a significant tradeoff in their performance with
respect to the system size as well as the amount of

system load.
I.  Introduction
the Grid has

both

commercial sectors. The Grid computing is a form

Recently, actively explored for

practical  deployment in research and
of distributed computing that involves coordinating
and sharing computing, application, data, storage, or
and
For

example, about 40 gigabytes of data is pulled down

network resources across dynamic

geographically  dispersed  organizations[1].
daily in the SETI@home project, by the telescope,
and is sent to 3 million volunteers’s computers all
over the world to be analyzed. It would normally
cost millions of dollars to achieve that type of
computing power on one or even two
supercomputers.

GIS(Grid Information Service)
Grid

mechanisms

is an imporrant

component  in systems and providing

fundamental for discovery and

1621

monitoring, and thus for planning and adapting
application behavior[2]. Globus project is a leader
project of the Grid and it is developing fundamental
technologies needed to build Grid systems. The
Globus uses LDAP(Lightweight Directory Access
Protocol) in its MDS(Meta Directory Service) that
act as the GIS[34].

As the number of resources and users in an
LDAP-based GIS the LDAP

system becomes insufficient to handle the loads.

system increases,

Further, any LDAP system read intensive operation
has inherent defect when used for Grid environment
with the Most of

previous works focused on analysis of performance

write intensive operations.
for read intensive environments rather than write
intensive Grid environments[5,6,7]. As mentioned
above, it is needed to design a new LDAP system
suited for Grid environments.

In this paper, we present performance analysis of
LDAP systems in Grid environments based on an
analytic model respectively for distribution-based
First,
developed an analytic model respectively for the

and replication-based model. we have
distribution-based and replication-based model. And
then, tradeoff distribution-based

replication-based model. The goal of this research is

between and
to suggest the direction of the design of the high
performance LDAP systems for Grid environments.
The reset of this paper is organized as follows. In
first the of
distribution-based and replication-based, and develop

section 2, we describe concept
an analytic models. In section 3, we present result of
analysis. Finally, we summarized our result providing

some conclusions and future works in section 4.
II. Analytic model

To improve the performance of an LDAP system,
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1 1 1 1 /1 T l T
4 w r w . R Parameter Description
l l 1 1S arrival rate for system
H, M, A arrival rate for single node
Ho, i1, M, i, M, Y service rate for read
2, H. Uy, service rate for write
T T ) y Uy service rate for referral
- i fi ite+broadcast
A : A rw y r2 y ; A :n Hwb servy:e rate for writetbroadcal
® ® \ J Ua service rate for acknowledge
A A arrival rate for a request has i referrals
@ P’ probability of A
. R n number of node
Figure 1. Distribution-based model m umber of referral
p) P' local probability
Py, P’=P N P remote probability
D P, read probability
s Pip,, Pi=P. _}v__ P,,: write probability
Ap P, local read probability
s s PN e e A P local write probability
Py, Pp=(P"+ ; (G-D-£"-P )'Z P’ remote read probability
N P, remote write probability

Figure 2. Service rate for distribution-~based model

its distributed implementation is essential. In terms
of the allocation of directory data, the design space
of a distributed LDAP system spans from
distribution-based model to replication-based model.
A distribution-based model is to partition the data
into many pieces and each of them is allocated to a
server. Referrals are used to link those partitions. A
replication-based model is to store the whole copy

a

of the data on each server participating the target

distributed system.

LDAP  directory, both the
and the replication-based model

Given
distribution-based
generally enhance the average response time due to

an

additional their computing power. Compared with a
stand alone LDAP system, a distribution-based and
replication-based system entail negative impact
respectively on read accesses and write accesses.
The response time of a read access should become
in a distribution-based model because of

multiple sequential queries for a single access. On

worse

the other hand, the performance of a write access
would become worse in a replication-based system
due to the update of the replication in the other
servers. Due the tradeoff, it is not clear to which
one shows better performance.

We first propose a queuing model respectively for
the distribution-based the
model is shown in Figure 1 and 3. These models
suited for Gird The

and replication-based

are more environments;
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distribution-based model assumes more than one
referrals during a access. The replication-based
model

write for maintaining data consistency of write

includes lock-step operations of the data

intensive Grid environments.

In our model, we assume that each LDAP server
is an M/M/1 system and ignore any communication
delay between system node. Parameters used in our

model! are shown in Table 1.

1. Distribution-based model

As shown in Figure 1, the arrival rate for each
node is represented as below:

Ap= ALt AL AT AT+ AT+ AL+ AT
the above by
probabilities of local and remote request as well as

(1

Representing equation using
arrival rate from the direct user request results in
the following equation.

Ap=({2=L) (Pry24 Pra1)a @

As
represented as follows:

shown in Figure 2, the service rate is

o= Pl p+Poe g+ Py, @
By representing the equation using system arrival
rate(Ap), equation (3) becomes as below:

o= (Pev it Puv oyt (B Hpn 4 Py )
D

According to equation of M/M/1, the response
time of the distribution-based model becomes as
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Figure 3. Replication-based model
A
P u,, P'=P -
M, 7,
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/‘LR w w3 w w /‘LR
. . A
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ﬂ'R

Figure 4. Service rate for replication-based model

follows:

RT,= 1

Hp—Ap

m+3 p
3 p (5)

2. Replication-based model

In Figure 3, arrival rate for replication-based
model expressed as follows:
Ap=A+A,+2(n—1)A,

n=2 (6)

Replacing Ar and M. with appropriate expressions
using A, the arrival rate is as follows:
Ap=(1+2(n—1)P, ) 7

In Figure 4, service rate for data replication is as
follows:

pp=Pr- p, APl pt Pl pu+ Poe py ®

Representing the equation using system arrival
rate(Ar), equation (8) becomes as below:

Br= (P ok (0= 1Py gt Pue pat (n= P g3 (9)

According to eguation of M/M/1, the response
time of the replication-based model becomes as

follows:
P.+3P,

1+2P,

(10)
HBr—Ap

RT,=
" Br—Ar

III. Results of analysis

In order to
the

replication-based

identify the performance tradeoff
distnbution-based model the

we the

between and

model, evaluate
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Table 2. Parameter values

Parameter Value Parameter Value
Ur 125 m n-1
™ 60 P 1/n
Hp 125 P n-1/n
Dyt 50 Pr 5%
Ua 330 Py 95%

performance of each model under a set of the same
system configurations. Table 2 shows the system
parameters. The choice of these parameters is based
on previous researches so as to reflect realistic
system configurations.

Figure 5 shows a graph which depicts the change
of response time with respect to the change of the
the
According to the graph, as the number of node 7

arrival rate for distribution-based  model.
becomes larger, both throughput and response time

become larger. However, when the arrival rate
becomes to about 250 queries per second, which is
large enough for saturating the system, the increase
of n does not affect the maximum throughput. This
reflects the fact that the increase of m due to the
increase of ninduces severe negative impact against
read accesses.

Figure 6 shows a graph which depicts the change
of response time with respect to the change of the
arrival rate for the replication-based model. Even
though the number of nodes become larger, the
throughput and response time do not change much.
This reflects the fact that the benefit from the
increase of nis compensated by the overhead from
the broadcast.

Figure 7 and 8 shows the performance of both the
distribution-based and the replication-based model.
It shows the response time for each model. As
shown in Figure 5, when the system is small scale
with less than 5 nodes, the distribution-based model

is superior to the replication-based model. However,

as the number of nodes become Ilarger, the
performance shows two different cases. First, the
replication-based model is better than the

distribution-based model when the system load is
light. Second, the distribution-based model is better
than the replication-based model when the system
load is heavy. Indeed, either when the number of
nodes is less than 4 or when the arrival rate is
over 90, the distribution-based model shows better
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response hme for data dirstribution

rasponse time

0.01

101 151

arnval rate

Figure 5. Response time for a distribution-based model

response time for data replication

response tim«
°

41 81
arrval rate

1 21 81

Figure 6. Response time for a replication-based model

response time..
IV. Conclusions
This paper presents the performance evaluation

distribution-based
The analysis

respectively for a and a

replication-based implementation. is
based on an analytic performance model for each
distributed system which is obtained by applying the
M/M/1 queuing model. According to the evaluation
result, either when the number of nodes is less than
when the arrival 90, the
distribution model shows better response time. This

reveals that the implementation of distributed LDAP

4 or rate is over

systems should take into account the trade off to
get the maximum performance. This point indeed
can be of crucial importance for highly distributed
LDAP applications such as the GIS of GRIDs.
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