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1. Introduction

A metadata exchanging protocol was
developed to enhance the interoperability

between metadata registries [1,2,3]. The
metadata registry is one of the core
components of ISO/IEC 11179, the
intarnational standard for high quality

metadata exchanging and sharing [4,5,6].
This standard provides many merits for the
intzroperability. Therefore, in many/various
application fields, metadata registries have
been built to achieve the interoperability in
their application domain [7,8,9,10,11,12,13,14].
These metadata registries are managing by
each metadata registry management system.
Most of the systems has been developed
based on the Web.

The existing metadata registries have
been developed for each application domain.
Thus, the interoperability issue between the
metadata registries should be solved to
achieve the global data exchange and
sharing. To do this issue, one-to-one
mzpping must be done
standard provides no exchanging protocol
(ex., like SQL for the relational databases).
This one~to-one mapping approach, called
adapter-based approach in this paper, has
several problems as follow: (1)Complexity
of distributed querying; (2)High query
mcdeling cost; (3)Dependency of query
description; (4)Complicated mechanism and
high cost for exchanging.

A metadata exchanging protocol was
developed to solve these issues [1]. This
protocol is the SQL-based query language
for consistent access of a variety of
metadata provides a
stendardized access method to exchange

because this

registries. It

and share metadata between distributed
metadata registries. In a word, this
approach has many advantages in aspects
of query modeling simplicity, independency
of query description, lower query modeling
cost, lower distributed query processing,
consistency of access method, etc.

However, In the research [1], the paper
just showed its merits in some qualitative
views not quantitative views, so its good
points do not be identified. In this paper,
simulations are illustrated to show the
effectiveness of the metadata exchanging
protocol-based approach. First, this paper
presents a set of notations and symbols for
description.

Furthermore, simulation models
are shown to compare the metadata
exchanging protocol-based approach and the
previous approach. Finally, this paper shows
and discusses the evaluation results using
the defined simulation models.

Additionally, this paper just focuses on
the query efficiency issue. The query
efficiency is one of the most important

several

factors that determine the performance of
metadata exchanging systems. this paper
will not introduce the details of the concept
of the metadata registry and the metadata

exchanging protocol because of space
restriction. However, you can see the
details through the given references
including the international standard

ISO/IEC11179.
2. Simulation Model
Comparative items and evaluation models

are defined to quantitatively prove the
advantages of the metadata exchanging
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protocol. This section describes preliminary
constraints, notations, and symbols including
the items and models.

2.1 Definition of Comparative Items

Table 1 shows the parameters and key
notations for our simulation. In the
simulation, the first major factor nMDR is
the number metadata registries to exchange
metadata. Each metadata registry consists
‘of components such as data element, data
element concept, object class, etc [4]. Also,
each component is
attributes to describe its properties. For
example, the data element has
attributes such as name, description,
definition, max_length, data type, etc.
Therefore, nCom, the number of the
component of the metadata registry and
nAttrib, the number of the attributes of
each component are key simulation factors.
In our assume every
metadata registry has the same number of

composed of many

many

simulation, we

the components and also every component
A user query for retrieving metadata
from several
logically semantic-abstracted
and attributes. They are mapped to actual
components and attributes in local metadata

metadata registries has

components

registries. The written user query has
nSemCom and nSemAttrib (the number of
semantic components and the number
semantic  attributes  respectively).  The

semantic component and semantic attribute
is mapped to one or more actual
components and attributes (nActCom and
nActAttrib) in the local metadata registries.

The analysis time 8 to find proper actual
components and attributes is depend on
many factors and is different according to
situations. We assume the time is uniform
and this paper uses the value created by a
random number generator.

Finally, we must consider the selection
time to appropriate actual
components and attributes through the
analyzing. The time is depend on the

choose

Table 1. Summary of notations and symbols

Notations & Symbols Description
nMDR The number of metadata registries
nCom The number of components of which a metadata regisry consists
nAttrib The number of attributes per each component
nSemCom The number of semantic components for the user query writing
nSemAttrib The number of semantic attributes for the user query writing
nActCom Actual components in local metadata registries
nActAttrib Actual attributes in local metadata registries
g Analysis time semantically
SelCom Time for selecting proper components
SelAttrib Time for selecting proper attributes




76 A g o|MEe =2 X 143 M2%, 2005. 6

number of actual components and attributes.
This paper handles two comparative
iterns which are defined to explicitly show
the metadata exchanging protocol’s
advantages. The items include query
modeling cost and processor development
cost (system integrating cost). Because the
predominance of the remainder has been
qualitatively shown with query examples in
[1], this paper focuses on the items. In
other words, the remainder can be
recognized in a logical and conceptual
aspect, but the items directly affect the
performance of the physical development.

2.2 Simulation Model for Query Efficiency

approach, as
number of metadata

In the previous
queries as the

many

registries have to be written because
me:adata registries respectively use
different  structures and there is no
standardized method to exchange

information between them. However, in the
case of using the metadata exchanging
one query
necessary to accomplish it.
The most similar approach in other fields

protocol, only statement is

is the standard query language for the
relational databases SQL. Every relational
database use the query language as the
staadard protocol. Therefore, we can access
all databases in a unified manner. The
proposed protocol is very similar to the
query language for relational databases. The
proposed protocol has been developed to
prcvide a standardized access method for
various metadata registries

Fig. 1 illustrates the models to evaluate
the query modeling cost. For the simulation

according to the models, several
assumptions are needed and predefined in

section 2.1.

LA U (O : Semantic component
QL ser Query () : Semantic attribute
@) : Actual component

Fig. 1. Evaluation model for comparing
query modeling cost

In the previous approach, there is no
unified method to
registries. Thus, query statements as many
as metadata registries are required to
generate an integrated result. In Fig. 1, the

access metadata

previous approach needs three query
statements, SI, S2, S3 for the metadata
registries.

By contrast, the protocol-based approach
requires only one query statement to gather
data from the metadata registries.
Therefore, the modeling cost of this
approach is independent of the number of
metadata registries.

In the previous approach, one semantic
component can be mapped to one or more

actual components. For one semantic
component, we can get  appropriate
components by analyzing every actual

component. Therefore, 8prg, the calculation
formula for estimating the query modeling
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cost of the previous approach, is as follows:

nSemCom nActCom
@PREanDRX( 2 (Tl+ F T[k)
=] =1
nSemAttrib nActAttrib
1= m=

By contrast, for the metadata exchanging
protocol-based approach, only one query
statement is written to gather data from
the metadata registries. Therefore, the
modeling cost of this approach is
independent of the number of metadata
registries and its formula # is as follows:

nSemCom nActCom

o= 3 (T+ X T

1=1

nSemAttrib

+ 2

=1

nActAttrib

(T;+ }_,;‘1 T

3. Simulation Results

In this section, the simulation results are
described based on the simulation models
referred in the previous section.

3.1 Model Setting and Evaluation Factors

In section 2.1, we assume several factors
are uniform. This paper consider three
factors to simulate the proposed approach.
That is, we use the three factors as
simulation parameters. The parameters
include the number of metadata registries,
the number of components, and the number
of attributes. The query writing time
(modeling time) depends on the number of
metadata registries, so this parameter is

variable.

The schema structures of metadata
registries can be diversified according to
design, but the number of components must
be unified because the metadata registry is
a part of the ISO/IEC 11179 standard. As
referred, we assume that nCom and nAttrib
are uniform.

Different user queries are written with
different components and attributes.
Sometimes, one same query might be
written with different components and
attributes. The number of components and
attributes (exactly semantic components and
attributes) is the key factor for simulation.
Hence, nSemCom and nSemAttrib are
variable.

The simulation on the query modeling
cost has three types according to the
evaluation factors as follow: (1)The first
type 1is that the number of MDRs
gradually increases; The second type is that
the number of semantic components to be
written increases in steps; (3) The final
type is that the number of semantic
attributes to be described increases by
degrees.

3.2 Simulation resuit considering nMDR

Fig. 2 shows the evaluation result
considering the number of metadata
registries.. In this case, a variable factor is
the number of metadata registries. The
value domain of nMDR is {1, 2, 3, 4, 5}
The other factors have the fixed value. As
shown in this result, the metadata
exchanging protocol-based approach is
proved to be more efficient against the
previous approach. In case the number of
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metadata registry is one, then the results of
both of them are similar. However, as the
number of metadata registries increases, the
difference between them also increases.
nMDR is 2, then the difference is about 2.
When the number of metadata registries is
5, New : Previous = 21.05 : 11269 (i.e., the
difference is about 1:5)
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Fig. 2. Simulation result with the number
of metadata registries

3.2 The Result of Type |l

Type 1I is about the simulation with the
number of components which are included
in a metadata registry. In this simulation,
the variable factor is the number of
sernantic components. Fig. 3 illustrates the
sirnulation result considering the number of
components. Its value domain for the
sirnulation is {1, 2, 3, 4, 5}. As the number
increases, the difference
between the two approaches continues to
grow up. When the number of components
is 2, the difference between the two is
2717 (4474-1757). The number of
components is 5, then the difference

modeling cost

between the approaches is about 40 and

reaches to about two times of the modeling

time that the metadata
protocol-based approach
same situation.

exchanging
requires in the
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Fig. 3. Simulation result according to the

number of components

3.4 The Simulation Result considering The
Number of Attributes

In the final simulation, the variable factor
is the number of semantic attributes. The
parameter values include {1, 3, 5, 7, 9, 10}. ‘
Fig. 4 shows the simulation result
considering the semantic attributes. In this
result, as the number of semantic attributes
increases, the modeling time difference
between the two approaches grows up.
through the three
simulation results in Figure 2, 3, and 4, in
the aspect of the query modeling, the
previous approach requires much more time
than the metadata exchanging
protocol-based approach.

Consequently, it can be explicitly seen
that the metadata exchanging
protocol-based approach is more efficient
than the previous approach.

"As we can see
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i The previous ———— The proposed

Query modeling time (cost)
8

The number of semantic attributes

Fig. 4. Simulation result considering the
semantic attributes

4. Conclusion

This paper illustrated the evaluation
results to explicitly show the advantages of
the metadata exchanging protocol. It is
referred in [11] that the protocol is superior
to the existing approach in the following
aspects: simplicity of query modeling,
simplicity of the exchanging mechanism,
ease of use, independent description for
distributed querying, low cost of system
development, and so on. Most of
advantages were qualitatively shown with
query examples. However, quantitative
evaluations are required to show its merits
completely and definitely.

This paper aims at tackling with the
issue and defining two comparative items:
query modeling cost and system
development cost. Evaluation models are
defined and calculation models for them are
proposed. The metadata exchanging
protocol-approach is more efficient than the
previous approach in all of the evaluations.
Consequently, this paper clearly proved that
the metadata exchanging protocol is an
effective sharing method between metadata
registries.

In this paper, we assumed that analysis
time is uniform. However, the analysis time
is different depending on the human ability.
Further work on the experiment needs to
consider the human factor.
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