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The World Wide Web is transitioning from being a mere collection of documents that contain
useful information toward providing a collection of services that perform useful tasks. The emerging
Web service technology has been envisioned as the next technological wave and is expected to play
an important role in this recent transformation of the Web. By providing interoperable interface standards
for application-to-application communication, Web services can be combined with component based
software development to promote application interaction both within and across enterprises. To make
Web services for service-oriented computing operational, it is important that Web service repositories
not only be well-structured but also provide efficient tools for developers to find reusable Web service
components that meet their needs. As the potential of Web services for service-oriented computing
is being widely recognized, the demand for effective Web service discovery mechanisms is con-
comitantly growing. A number of public Web service repositories have been proposed, but the Web
service taxonomy generation has not been satisfactorily addressed. Unfortunately, most existing Web
service taxonomies are either too rudimentary to be useful or too hard to be maintained.

In this paper, we propose a Web service taxonomy generation framework that combines an arti-
ficial neural network based clustering techniques with descriptive label generating and leverages the
semantics of the XML-based service specification in WSDL documents. We believe that this is one
of the first attempts at applying data mining techniques in the Web service discovery domain. We
have developed a prototype system based on the proposed framework using an unsupervised artificial
neural network and empirically evaluated the proposed approach and tool using real Web service
descriptions drawn from operational Web service repositories. We report on some preliminary results
demonstrating the efficacy of the proposed approach.
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1. Introduction

One of the industry standards for Web ser-
vice repositories is Universal Description, Disco-
very, and Integration (UDDI). The search mecha-
nisms provided by most UDDI registries are based
on either keyword search or browsing through pre-
defined hierarchical business categories. Key-
word search is known to have the drawback that
users may irrelevant search results due to such
issues as synonyms and word ambiguity. Conse-
quently, users may have to spend a lot of time
browsing through the search results to identify the
Web services that most closely meet their needs.

If the Web services are categorized well,
browsing through predefined categories may be
a better alternative for service discovery. How-
ever, it requires both service providers and con-
sumers to have prior knowledge of the service
categorization schemes, such as the North Ame-
rican Industry Classification System (NAICS) and
the United Nations Standard Products and Ser-
vices Code (UNSPSC). In other words, the serv-
ice providers must publish their Web services in
the appropriate UDDI business categories and
the service consumers must browse the ‘right’
business categories to find the potentially rele-
vant Web services. Thus, although UDDI pro-
vides a standard interface for simple keyword
based search and predefined business category
based browsing, more effective mechanisms are
still needed to improve the current search mech-
anisms for discovering semantically relevant

Web services.
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The main objective of this research is to
develop a more effective mechanism for Web
service taxonomy generation framework. We pro-
pose a Web service taxonomy generation frame-
work that combines clustering techniques with
descriptive label generating and leverage the se-
mantics of the XML-based service specification
in WSDL (Web Service Description Language)
documents. We have developed a software tool
for Web service taxonomy generation based on
the proposed approach using an unsupervised ar-
tificial neural network and empirically evaluated
the proposed approach and tool using real Web
service descriptions drawn from operational Web
service repositories. We report on some prelimi-
nary results demonstrating the efficacy of the
proposed approach. The remainder of this paper
is organized as follows. We begin in Section 2
with a overview of public Web service repo-
sitories to illustrate limitations of current Web
service taxonomies in public Web service repo-
sitories. In Section 3, we discuss the semi-auton-
omous Web service taxonomy generation meth-
ods implemented in the prototype. We then re-
port on our empirical evaluation in Section 4.

Finally, we conclude the paper in Section 5.

2. Overview of Public Web Service
Repositories

Sabou and Pan provide a survey of the
public Web services repositories in [Sabou and
Pan, 2007]. The authors evaluate seven public

Web services repositories with two assessment
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criteria : the search facility and the browse fa-
cility. We update Sabou and Pan’s survey by re-
moving the currently unavailable repositories
(i.e., BindingPoint, NetXML, and SalCentral) and
adding newly available repositories (i.e., Remo-
teMethods and Woogle [Dong et al., 2004]). We
also extend the assessment criteria based on
Sabou and Pan’s work. In this section, we sum-
marize six public Web services repositories. For
each, we describe the facilities that they offer to
retrieve the available services and point out the

problematic aspects when applicable.

Universal Description, Discovery, and In-
tegration (UDDI) is one of the industry standards
for Web services repositories. UDDI is jointly
proposed by IBM, Microsoft and Ariba. It pro-
vides service registry architecture for businesses
to build a registry, discover each other, and learn
how to interact over the Internet. UDDI supports
both query-based search and taxonomy browsing.
The drawback of UDDI’s query-based searching
is that many irrelevant search results may be re-
turned due to issues such as substring matching.
For instance, when searching for “date”, any
services that contain words such as “validate” or
“update” (which are clearly not related to date)
are returned. Furthermore, UDDI doesn’t support
any advanced search options for further refining
query-based search.

Browsing can be done according to in-
dustry/product standard classification schemes ba-
sed on the North American Industry Classific-
tion System (NAICS) and the United Nations Stan-

dard Products and Services Code (UNSPSC). For
example, the UNSPSC-based product classi-
fication is a hierarchical classification of prod-
ucts and services with five levels. The first level
of the UNSPSC product classification contains
more than 400 general product types. Thus, serv-
ice consumers need to explore a large product
standard classification scheme in order to browse
appropriate Web services. This industry/product
standard classification-based browsing is clearly
insufficient, because it relies on the shared com-
mon-sense understanding of the application do-
main by the users who publish and consume the
specified services [Stroulia and Wang, 2005]. In
other words, the service providers must publish
their Web services in the appropriate UDDI in-
dustry/product categories, and the service con-
sumers must browse the ‘right’ industry/product
categories to find potentially relevant Web ser-
vices. In addition, there is no guarantee that the
industry/product standard classification actually
represents the underlying functionality of a serv-
ice and not something else. Although UDDI sup-
ports both query-based search and taxonomy
browsing, it does not allow the user to further re-
fine a query-based search by restricting it to a
given category within the industry/product stand-
ard classification schemes. UDDI provides sear-
ch results with a brief summary of each service,
including the following: service name, a textual
description, and a hyperlink to the WSDL file
with which it is associated.

WebServiceX is a Web service provider

that currently offers about 168 Web services.
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These services are grouped into seven categories
which form the basic browsing mechanism. Each
category contains a number of Web services which
ranges from 1 to 19. These categoriesare ambigu-
ously created by using multiple category sche-
mes. For example, some categories denote the
domain of Web services (e.g., Communications,
Business/Commerce, and Graphics) while others
name a certain functionality type (e.g., Conversion,
Lookup, and Value manipulation). WebServiceX
doesn’t provide any query-based search facilities.
Each service listed in the browsing results is dis-
played with the service name, a textual descrip-
tion, and a hyperlink to the WSDL file with
which it is associated.

WebServiceList provides 17 categories for
browsing the available services (an estimated
480). Each category describes a number of Web
services ranged from 1 to 176. Like the taxon-
omy in WebServiceX, these categories are am-
biguously populated by using multiple category
schemes (e.g., either the domain of Web services
or a type of functionalities). Further, there is a
mismatch between the content provided by the
Web services to be categorized and that covered
by the categories. For example, the retail service
category contains currency convert and health
care provider search Web services, which are
supposed to be categorized into the conversion
services and the healthcare services category
respectively. In addition, Web services can be
browsed alphabetically, but this function is not
very helpful when the individual does not know

the exact name of the service for which he/she
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is looking. This repository offers a query-based
search that matches the name and description of
Web services. Unlike the UDDI search mecha-
nism, this search works on correct tokenization
(i.e., it matches search terms to whole words on-
ly and not to substrings in the given text). How-
ever, this repository doesn’t offer any advanced
search options. Although this repository supports
both query-based search and taxonomy brows-
ing, it doesn’t allow users to further refine a
query-based search by restricting it to a given
subject category. Each service listed in the sear-
ch results is represented with the service name,
a textual description, a hyperlink to the WSDL
file with which it is associated, and the service
rating score.

Xmethods is one of the largest Web serv-
ices repositories, containing more than 500 Web
services. However, this site only provides a long
list of services. It has no support for browsing,
nor does it provide any search facilities. Each
service in the list is summarized with service
name, a textual description, and a hyperlink to the
WSDL file with which it is associated.

RemoteMethods has more than 300 regis-
triesof Web services. This site offers both search
and browse facilities simultaneously. Searching
for a keyword will return any Web service that
contains the keyword as a substring of the strings de-
noting the Web service’s name and description.
This repository doesn’t support any advanced
search options. Browsing the available Web ser-
vices can be done via eight top categories, which

are further specialized into two levels (45 cate-



Facilitating Web Service Taxonomy Generation

gories total). Like the taxonomy in WebServiceX,
these categories are ambiguously populated us-
ing multiple category schemes (e.g., either the
domain of Web services or a type of function-
alities). Each category contains a number of Web
services ranged from 1 to 119. This repository
provides search results using the following: the
service name, a textual description, the service
price, a hyperlink to the WSDL file with which
it is associated, the service rating, the service re-
views, and the number of hits.

Woogle is a research project aimed at sup-
porting automated service discovery. Like Remote-
Methods, this repository provides both search and
browsing facilities simultaneously. Woogle allows
the user to further refine a query-based search by
restricting it to a given subject category. Woogle
supports twotypes of searches : (i) a keyword
search based on service names and textual de-
scriptions and (ii) a template search on operation,
which allows for a query-based search based on
operation names and documentation. Woogle is
the only repository that offers advanced search

options, such as Booleanoperator with multiple

keyword terms. It returns search results with a
brief summary of services that include the fol-
lowing : the service name, a textual description,
the status, and a hyperlink to the WSDL file with
which it is associated. This repository supports
browsing the availableWeb services (estimated to
be 600) through 42 hierarchically organized cate-
gories (8 categories at the first level and these
categories are further specialized into three lev-
els). Each category describes a number of Web
services ranged from 1 to 96. Like the taxonomy
in WebServiceX, these categories are ambiguously
populated using multiple category schemes (e.g.,
either the domain of Web services or a type of
functionalities).

As listed in <Table 1>, we encountered three
types of Web service taxonomies : alphabetically
organized Web service names, industry/product
standard classification schemes, and lightweight
Web service taxonomies. One repository (i.e.,
WebServiceList) that we evaluated offers Web ser-
vice browsing via alphabetically organized Web
service names, which is insufficient when the

service consumer does not know the exact name

<Table 1> Summary of Taxonomy Browsing in Public Web Services Repositories

Taxonomy Browsing
Repository :
Type of taxonomy Scope of taxonomy Size of taxonomy | Depth of taxonomy
uDDI Standard classification Industry/product sector 16,000 5
schemes
WebServiceX Lightweight ambiguous 7 1
WebServiceList Alphabetically Organized ambiguous 17 1
Xmethods None None None None
RemoteMethods Lightweight ambiguous 45 2
Woogle Lightweight ambiguous 42 3
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of the Web service for which he/she is looking.

Another type of Web service taxonomies
that we identified is industry/product standard
classification schemes (i.e., NAICS or UNSPSC).
One of the most significant issues in industry/
product standard classification schemes is that
these schemes are often under-populated; several
of their categories contain no or few Web ser-
vices. A second major issue is that there is no
guarantee that there is consensus among service
providers and consumers about industry/product
standard classification schemes. The third major
issue is that industry/product standard classi-
fication schemes require both service providers
and consumers to have prior knowledge of the
service classification schemes. In particular, if
service consumers are not familiar with the in-
dustry/product standard classification schemes,
they usually cannot get satisfactory retrieval re-
sults (Zhuge and Liu, 2004). Finally, it is diffi-
cult for industry/product standard classification-
schemes to represent the underlying functionality
of Web services.

The third type of Web service taxonomies
that we identified is lightweight service taxono-
mies. Unlike the industry/product standard classi-
fication schemes, they have only a few top cate-
gories (a maximum of 17), which, in most cases,
are not further specialized. Many categories are
overpopulated with instances, and there is a need
to extend the set of categories using new terms
as the underlying data set evolves. The light-
weight service taxonomies are qualitatively poor.

In particular, the scope of the lightweight service

38 XSHEAHET M6 M2 20104 6¥

taxonomies is often ambiguous since their cate-
gories often correspond to different category sche-
mes. For instance, some describe domains ofac-
tivity (e.g., business and economy) while others
describe types of functionality (e.g., validation).
In addition, it is often unclear how the categories
are created and populated with instances. Web
services repositories seldom use Web service tax-
onomies due to the cost of acquiring and main-
taining them. The high cost is mainly due to the
size of Web services repositories. They often
contain a couple hundred services. Building ex-
tensive and balanced Web service taxonomies for
these services requires a considerable amount of
manual effort. Therefore, there is a need for an
integrated framework that (semi-) automatically
generates a well-balanced Web service taxonomy
reflecting both the content and the functionality
types provided by the Web services. Consequent-
ly, the situation of public Web services repo-
sitories can be summarized as follows :

1. Simple content accessing methods are
used two repositories support token-le-
vel query-based search, one repository
provides advanced search options, and
two repositories allow users to combine
searching and browsing simultaneously.

2. Insufficient Web service taxonomies are
used for browsing Web services large
industry/product standard classification
scheme-based Web service taxonomies
are too large for both service providers
and consumers, while lightweight Web

service taxonomies are ambiguously crea-
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<Figure 1> Overview of lterative SOM Cluster Analysis

ted and populated with instances.

3. Semi-autonomous Web Service
Taxonomy Generation Method

3.1 Iterative SOM Cluster Analysis

In our Web service taxonomy generation
framework, we utilize the SOM clustering algo-
rithm (Kohonen, 2001) as a core module to semi-
automatically generate Web service taxonomies.
SOM clustering algorithm generates a two-di-
mensional map which contain a number of clus-
ters each cluster may contain a number of seman-
tically related Web services. Within the SOM
map, a larger cluster means more Web services
are in that classification. Adjacent clusters are
more similar in content than nonadjacent clusters.

<Figure 1> illustrates an overview of the

iterative SOM cluster analysis method for con-

structing hierarchical relationships between se-
mantically related regions. In <Figure 1>, each row
represents either cluster analysis or semantically
related region selection, while each column de-
scribes the output of each process in the iter-
ative SOM cluster analysis method. Row 1 and
Column 1 in <Figure 1> represent an initial SOM
category map (SOM Map 1 in <Figure 1>) with
all Web services in our common repository.
Once the user generates the initial SOM cat-
egory map, the user can explore the character-
istics of various clusters within the SOM cat-
egory map by utilizing the Region Selector in
our prototype system. The Region Selector al-
lows the user to select semantically related clus-
ter (s) within the SOM category map and save
them as semantically related regions. Row 2 and
Column 2 illustrate a semantically related region
defined by the user (i.e., Region 1 in <Figure 1>)
within the initial SOM category map (SOM Map 1).
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After defining the semantically related re-
gion, the user re-runs the SOM clustering algo-
rithm to visualize the subset (i.e., the Web serv-
ices within Region 1) within a new SOM cat-
egory map (SOM Map 1-1). This process is rep-
resented in Row 3 and Column 1 in Figure 1.
The user then repeats the semantically related
region selection process by using the Region
Selector within the newly generated SOM cat-
egory map (SOM Map 1-1). In this example, the
user defines two semantically related regions
(Region 1-1 and Region 1-2) within the newly
generated SOM category map. The user can re-
peat these steps to define a number of semanti-
cally related regions within the newly generated
map until no further classification is necessary.
By performing such an iterative cluster analysis,
the user can construct a hierarchical relationship
between the semantically related regions within
the parent SOM category map and the semanti-
cally related regions within the newly generated

child SOM category map.

3.2 Descriptive Label Generation Method

To provide users with a more compre-
hensive Web service taxonomy, the internal Web
service taxonomy units should be labeled with
some concise names. We found that the labels of
subject categoriesin the existing public Web serv-
ices repositories are assigned in ambiguous ways;
some describe domains of activity (e.g., business
and economy) and others describe types of func-
tionality (e.g., validation). Therefore, there is a

need to have a consistent way of assigning de-
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scriptive labels for subject categories.

Before we present details of our descrip-
tive label generation method for Web service
taxonomies, we provide an overview of the prior
research on generating labels on cluster analysis.
Although it is essential to label clusters, few
works have really dealt with this (Muller et al.,
1999; Honkela et al., 1997; Lawrie et al., 2001;
Glover et al., 2002; Popescul and Ungar, 2000;
Merkl and Rauber, 1999). The existing research
on generating descriptive labels on clusters can
be classified into two approaches : simple term fre-
quency analysis-based approach and statistical
analysis-based approach.

The simple term frequency analysis-based
approaches rely on the TF x IDF heuristic for
identifying the index terms that best characterize
the objects (i.e., documents) mapped on a partic-
ular SOM map unit. The work of Honkela et al.
perhaps marks the first attempt to generate de-
scriptivelabels for the clusters of a SOM map
(Honkela et al., 1997). Honkela et al. analyzed
the co-occurrenceof words in a document and
generated a word category map which is further
used to represent the various documents con-
tained in the text archive. In Muller et al. the
cluster labels were chosen as the n most frequent
terms in the cluster (Muller et al., 1999). Merkl
and Rauber proposed a straightforwardway for
assigning labels to the units of a SOM map by
utilizing term frequency analysis within the con-
text of a TIME magazine document collection
(Merkl and Rauber, 1999). Lawrie et al. extracted

salient words and phrases of the instances in a



Facilitating Web Service Taxonomy Generation

Region Label

Domains of Activity

Types of Funtionality

List of Nouns

List of Verbs

Example

TEMPERATUR UNIT CONVERTOR

convert retrieve change

<Figure 2> Descriptive Label for Semantically Related Region

cluster from retrieved documents to organize them hi-
erarchically using a type of co-occurrence known
as subsumption (Lawrie et al., 2001).

The statistical analysis-based approaches
rely on the statistical analysisfor detecting non-
descriptive words in hierarchically organized
clusters. Glover et al. inferred hierarchical rela-
tionships and descriptive labels by employing a
statistical model they created to distinguish be-
tween the parent, self, and child features in a set
of documents (Glover et al., 2002). Popescul et
al. proposed to use the statistical test z° to de-
tect differences in word distribution across the
hierarchy (Popescul and Ungar, 2000). At each
cluster node in the hierarchy, starting from the
root, the z2 test is used to detect a set of words
that is equally likely to occur in any sub-cluster
of the current node. Those words are considered
to be non-descriptive terms and thus are re-
moved from every sub-cluster. After the z* test
is used to remove non-descriptive words from
every cluster node, the algorithm labels each

cluster with the list of the remaining words at

the cluster node ranked by the word frequency.

Our descriptive label generation method re-
lies on both the TF x IDF heuristic for sorting in-
dex terms and the hierarchical relationships among
semantically related regions (parent, self, and child)
within SOM maps. As shown in <Figure 2>,
each descriptive label for a semantically related
region consists of two parts : domains of activity
and types of functionality. The portion of the de-
scriptive label that describes domains of activity
is defined with a list of nouns (i.e., represented
as upper case letters), while the portion of the de-
scriptive label that describes types of functionality
is defined with a list of verbs (i.e., represented as
lower case letters).

The initial descriptive label generation pro-
cess involves the semantically related region se-
lection process. Once the user defines a semanti-
cally related region within a SOM category map,
the Region Selector provides the list of index
terms that is sorted with the 7F X IDF heuristic.
In this process, the index terms are collected from

the Web services within the semantically related
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region. In the sorted list of index terms, more rep-
resentative index terms appear at the top of the
list. By referring to the sorted list of index terms,
the user can assign a descriptive label for the
newly defined semantically related region.

The bottom-up fashioned label refining
process involves the child regions of the seman-
tically related regions. In this process, the index
terms are collected from the descriptive labels of
the child regions, not from the Web services
within the semantically related region. The user
then re-assigns the descriptive label for the se-
mantically related region based on the sorted list
of index terms. Since the index terms from the

descriptive labels of the child regions are more

slactad Service Viewsr

concise and precisethan the index terms from the
Web services within the semantically related re-
gion, the user can assign the descriptive label
that reflects the capabilities of the associated-

child regions.

3.3 Prototype System

In this section, we present the publisher
interface in our prototype system as a realization
of the proposed Web service taxonomy gen-
eration framework. <Figure 3> illustrates the clus-
tering result from the initial SOM cluster analy-
sis of the 674 WSDL files. According to our
previous work (Hwang, 2009), SOM is a prom-

ising clustering algorithm for semantically or-
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<Figure 3> Clustering Result from the SOM Cluster Analysis
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ganizing Web services. The user can select se-
mantically related cluster (s) within the SOM ca-
tegory map by utilizing the Region Selector in
the prototype system. The Region Selector sup-
ports the following user actions : (1) explore the
characteristics of various clusters within the
SOM category map by displaying the detailed
contents of the WSDL files, (2) define semanti-
cally related regions within the SOM category
map, and (3) assign a descriptive label for a giv-
en semantically related region.

As illustrated in <Figure 3>, the Region
Selector dialog interface consists of four interface
components : Selected Service Viewer, Label
Generator, Textual Description Viewer, and Ope-
ration Viewer. The Selected Service Viewer dis-
plays the currently selected Web services in the
SOM category map in table format. The Label
Generator displays the sorted index terms based
on the TF x [DF heuristic and allows the user to
define a descriptive label for the currently se-
lected regions within the SOM category map.
More representative index terms appear at the top
of the sorted list of index terms. The user may
either assign a descriptive label for the selected
region by referring to the list of index terms, or
leave the selected region as unlabelled. The un-
labelled regions will be renamed after completing
further cluster analysis and a semantically related
sub-regions identification process.

After defining the semantically related re-
gion within the parent SOM category map, the
user can conduct further cluster analysis with the

selected Web services within the parent SOM

category map. In this example, the 20 Web serv-
ices that retrieve weather forecast information
have been selected within the semantically re-
lated region. <Figure 4> illustrates the newly gen-
erated SOM category map with the 20 weather
forecast Web services. The newly generated
SOM category map initially indicates that there
are seven duplicates by highlighting clusters with
red-colored lines (see <Figure 4>). By utilizing
the Region Selector, users can identify four se-
mantically related regions within the newly cre-
ated map, depending on the four different types
of inputs for retrieving weather forecast infor-
mation : (1) by place name (i.e., names of city,
county, state, or country), (2) by Internet Proto-
col (IP) address, (3) by postal zip code, and (4)
by World Meteorological Organization (WMO)
identification number. Web services can support
multiple types of inputs for retrieving weather
forecast information. For instance, the DOTS
Fast Weather Web service has the ability to re-
trieve weather forecasting information based on
all four types of inputs. For this reason, the clus-
ter that contains the DOTS Fast Weather Web
services is located in the center of the newly cre-
ated map (refer to <Figure 4>).

Based on the hierarchical relationships be-
tween the semantically related regions, the Tax-
onomy Extractor derives a domain-independent
Web service taxonomy that reflects domains of
activity and types of functionality. Consequent-
ly, the Taxonomy Extractor generates a hier-
archicallyorganized 71-Web service subject con-

text taxonomy : the top level of the taxonomy
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<Figure 4> Further Cluster Analysis with the Selected Services

consists of 17 subject categories, each of which
contains from O to 17 subcategories, with an aver-
age of 3.579 and sample standard deviation of
4.299.

4. Evaluation

In order to compare the Web service taxon-
omies of both BindingPoint.com and WebServiceX.
net with the WebServSOM generated service tax-
onomies, we conducted a set of experiments. Our
experiments consisted of five different steps sam-

ple data collection, input data generation, Web
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service taxonomy generation, taxonomy evalua-
tion, and statistical analysis. We explain our ex-
perimental design in detail according to these

five steps.

4.1 Experimental Design

We collected sample data from both Bin-
dingPoint.com and WebServiceX net because both
of these repositories organize Web services into
hierarchical browsing interfaces that help service
consumers locate Web services. We obtained a
total of 357 WSDL files, 189 from BindingPoint.
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com and 168 from WebServiceX net. In the data
collection process, we collected service name,
service provider information, textual description,
and WSDL file, as well as Web service taxon-
omy information from the corresponding Web
services repository.

The two Web services repositories catego-
rize Web services differently. BindingPoint.com
has classified 189 Web services into 36 different
categories. The Web service taxonomy in Bin-
dingPoint.com is hierarchically organized : the first
level consists of 7 general subject categories, each
of which contains from 0 to 8 sub-categories,
with an average of 3.429 and standard deviation
of 2.636. There are 24 subject categories in the
second level of the Web service taxonomy in
BindingPoint.com. Only four of the 24 subject ca-
tegoriesin the second level contain from 1 to 2
sub-categories, with an average of 1.25 and stan-
dard deviation of 0.5. WebServiceX.net has clas-
sified 168 Web services into 7 general subject
categories, which were not further specialized.
Because BindingPoint.com provides more spe-
cially categorized Web services than WebSer-
viceX.net, we might expect the following : (1) a
Web service taxonomy of BindingPoint.com results
in greater accuracy than one of WebServiceX.net
(2) the Web service taxonomy of WebServiceX.
net has a low false negative rate (purity across-
subject categories) compared to BindingPoint.com.

After completing the sample data collec-
tion stage, we obtained two sample data sets
from two Web services repositories : one sample

data set consisted of 189 Web services from Bin-

dingPoint.com and the other sample data set con-
tained 168 Web services from WebServiceX.net.
Based on each sample data set, we randomly
sampled input data for the further experimental
stages. Each input data set consisted of 30 ser-
vices. Wecreated 100 input data sets from each
sample data set and continued further experi-
mental stages with these data sets.

In the Web service taxonomy generation
stage, we generate three Web service taxonomies
for each input data set : the WebServSOM gen-
eratedWeb service taxonomy, the original taxon-
omy gathered from the corresponding Web serv-
ices repository, and the human experts generated
Web service taxonomy model solution.

In order to compare the quality of the ori-
ginal taxonomy information from the correspond-
ing Web services repository for a given input da-
ta set and the WebServSOM generated taxon-
omy, human experts initiallyexamined each ran-
domly sampled input data set and categorized
them into small groups. Four human experts were
recruited to generate a Web service taxonomy for
each input data set. The recruited human experts
were business students (two graduates and two
undergraduates) who are majoring in Management
Information Systems. These human experts also
had prior application development experience
and understanding of Web service technology. In
our experiments, the human generated taxonomy
model for each input data set was considered the
decision base to evaluate the Web service taxon-
omies that were generated by the prototype sys-

tem and collected from the corresponding Web
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<Table 2> Characteristics of the Human Experts Generated Service Taxonomies

. ) Number of multiple-member Number of single-member
Service Registry Number of subject categories categories categories
Mean STDV Mean STDV Mean STDV
BindingPoint.com 23.667 2.368 4.867 1.407 18.8 3.438
WebServiceX.net 17.567 2.207 4.767 1.381 12.8 2.721
WebServSOM 20.367 2.332 4776 1.349 16.3 3.832

services repository.

We examined general characteristics of
the human experts generated service taxonomy
information for each input data set as listed in
<Table 2>. The input data sets from BindingPo-
int.com were grouped into 20 to 29 subject cate-
gories, with an average of 23.667 and a sample
standard deviation of 2.368, while the input data
sets from WebServiceX.net were grouped into 13
to 21 subject categories, with an average of 17.567
and a sample standard deviation of 2.207. The
input data sets from BindingPoint.com contain a
significantly higher average number of single-
member categories than the input data sets from
WebServiceX.net, while the input data sets from
both BindingPoint.com and WebServiceX.net have
a similaraverage number of multiple-member
categories (4.867 and 4.767 respectively). Because
the input data sets from BindingPoint.com were
randomly sampled from a much larger sample,
they contain a relatively higher number of sin-
gle-member categories than do the input data
sets from WebServiceX. net.

To compare the taxonomy performance of
WebServSOM with both BindingPoint.com and
WebServiceX.net, we applied the contingency ta-

ble model-based evaluation framework. To score
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<Table 3> Contingency Table Model for Evaluation
Measurement

Human Expert Answer

System Answer

Yes No
Yes a b
No c d

our results, both the system generated Web serv-
ice taxonomies and the human experts generated
service taxonomy model solutions were con-
verted into two lists of yes-no answers to the
co-occurrence question, “Does the pair of serv-
ices belong to the same subject category?” for
each pair of services (Swets, 1969; Lewis, 1991;

Yang, 1999). Let n be the number of services.

Then there are nin pairs of services. Each

pair must fall into one of four categories. If A,
B, C, and D are the number of service pairs in

(n—1)

each case, then A+ B+ C+ D= n 5 (as

in <Table 3>).

In general, a contingency table is con-
structed by counting the number of observed as-
sociations in the co-occurrence answer lists.
Since the human experts’ judgments did not al-
ways agree, we used fractional values for the

correctness of each answer instead of binary
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classifiers (0 for “incorrect” and 1 for “correct”)
(Hatzivassiloglou and McKeown, 1993). We de-
fined the correctness of each answer as the rela-
tive frequency of the cluster assignments be-
tween the two Web services among the human
experts generated servicetaxonomy models; in
this way, subject category assignments receive a
correctness value proportional to their popularity
among the human judges.

Once correctness values have been defined,
we can generalize measures such as “the number
of correct subject category assignments gen-
erated by a given experimental setting” using a
summation of these values instead of counting.
The subject category assignments can be eval-
uated using a two-way contingency table (See
<Table 3>) for each subject category, which has

four cells where

ecell a sums up the correctness values
for the Web services correctly assigned
to this subject category;

e cell b sums up the correctness values for
the Web services incorrectly assigned to
this subject category;

ecell ¢ sums up the correctness values
for the Web services incorrectly rejected
from this subject category;

ecell d sums up the correctness values
for the Web services correctly rejected

from this subject category.

Based on the contingency table model (Re-

fer to <Table 3>), the following performance mea-

sures are derived :

" Accuracy (dec) = oy
» B
* False Positive (fp) = ———
. C
* False Negative (fn) = —

We can estimate overall quality of a Web
service taxonomy by referring to accuracy. Since
the false positive rate is the proportion of neg-
ative instances in the Web service taxonomy
that were erroneously reported as positive, we
can measure purity of a Web service taxonomy
within subject categories. The false negative rate
is the proportion of positive instances in the
Web service taxonomy that were erroneously re-
ported as negative, thus we can estimate purity
of the Web service taxonomy across subject
categories.

After obtaining performance measures, we
used the t-test to examine whether the perform-
ance measures of different Web service taxono-
mies were significantly different. We conducted
two t-tests with the performance measures ac-
cording tothe sources of the input data set.
Within each t-test, we compared two sets of per-
formance measures : (1) the performance meas-
ures based on the WebServSOM generated Web
service taxonomy (SOM"), and (2) the perform-
ance measures based on original taxonomy in-
formation from the corresponding Web service
repository (BO or WO).

In our experiments, we intend to explore the

performance of our proposed Web service taxon-
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<Table 4> Summary of Hypotheses

SOM®> BO

Code Hypothesis
H1 : Accuracy
The accuracy rates of two Web service taxonomies created withthe sample data set from BindingPoint.com are
H1.1 in the following order :

H1.2 in the following order :
SOM® > WO

The accuracy rates of two Web service taxonomies created with the sample data set from WebServiceX.net are

H2 : False Positive Rate

H2.1 are in the following order :
BO > SOM?

The false positive rates of two Web service taxonomies created with the sample data set from BindingPoint.com

H2.2 are in the following order :
WO > SOM®

The false positive rates of two Web service taxonomies created with the sample data set from WebServiceX.net

H3 : False Negative Rate

H3.1 are in the following order :
BO > SOM?

The false negative rates of twoWeb service taxonomies created withthe sample data set from BindingPointcom

H3.2 are in the following order :
SOM® > WO

The false negative rates of two Web service taxonomies created with the sample data set from WebServiceX.net

omy generation framework when compared to the
existing Web service taxonomies collected from
the two Web services repositories. The hypoth-

eses we expect to prove are listed in <Table 4>.

4.2 Statistical Analysis and Discussion

Now we describe and analyze the results
of our experiments. <Table 5> shows the effec-
tiveness of different Web service taxonomies for
each sample data set in terms of average accu-
racy, average false positive rate, and average
false negative rate. We conducted paired-sample
t-tests to analyze if there is any significant dif-
ference between the WebServSOM generated

service taxonomies and the original Web service
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taxonomies from the Web services repositories.

The comparison between the original Web
service taxonomies from BindingPoint.com (BO)
and the WebServSOM generated service taxono-
mies (SOM®) in terms of accuracy, false positive
rate, and false negative rate is summarized in
<Table 6>. The results confirm that SOM® ach-
ieved higher accuracy than B0, and the superi-
ority of SOM® is very distinct (.000 at the 0.05
level). It also shows that SOM® has lower error
rates (i.e., false positive rate and false negative
rate) than BO. In other words, the WebServSOM
generated service taxonomies achieved higher
level of purity both within subject categories and

across subject categories than did the original
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<Table 5> Summary of Descriptive Statistics

Services Repository Web Service Taxonomy Accuracy False Positive False Negative
WebServSOM (S0 ®) 0.9860 0.010 0.004
BindingPoint.com
Original Category information (30) 0.9577 0.036 0.006
WebServSOM (50M%) 0.9797 0.009 0.001
WebServiceX.net
Original Category information (Wo) 0.8858 0.1135 0.000

<Table 6> Paired-Sample T-Test Comparison between BindingPointcom and WebServSOM

95% Confidence Interval of the
Mean Std. Deviation Difference t o | Sig. (-tailed)
Lower Upper
Acc -0.028 0.016 -0.031 -0.025 -18.042 99 0.000
fo 0.026 0.015 0.023 0.029 17.774 99 0.000
fn 0.002 0.003 0.002 0.003 6.866 99 0.000

<Table 7> Paired-Sample T-Test Comparison between WebServiceX net and WebServSOM

95% Confidence Interval of the
Mean Std. Deviation Difference i of | Sig. (-tailed)
Lower Upper
Acc -0.094 0.033 -0.101 -0.087 -28.117 99 0.000
fo 0.105 0.030 0.099 0.111 34.711 99 0.000
fn -0.012 0.013 -0.014 -0.009 -8.697 99 0.000

Web service taxonomies from BindingPoint.com.

<Table 7> summarizes the comparison be-
tween the original Web service taxonomies from
WebServiceX.net (WO) and the WebServSOM
generated service taxonomies (SOM®) in terms
of accuracy, false positive rate, and false neg-
ative rate. The results show that SOM® ach-
ieved higher accuracy than WO, and the superi-
ority of SOM®¥is very significant (.000 at the
0.05 level). It also shows that SOM® achieved
a lower false positive error rate than WO, while

WO outperformed SOM® in terms of the false

negative rate. This is not surprising because Web-
ServiceX.net categorized Web services into only
7 general subject categories, which were not fur-

ther specialized.

4.3 Summary of Findings

<Table 8> summarizes the results of test-
ing the various hypotheses. The results of testing
H1.1 and H1.2 show that the WebServSOM
generated service taxonomies were significantly
more accurate than the original Web service tax-

onomies collected from both BindingPoint.com
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<Table 8> Results of Hypotheses Testing

H1 : Accuracy p value Result
H1.1 SOM®> BO 0.000 (o < 0.05, 2-tailed) Confirmed
H1.2 SOM® > WO 0.000 (« < 0.05, 2-tailed) Confirmed
H2 : False Positive Rate p value Result
H2.1 BO > SOM® 0.000 (o < 0.05, 2-tailed) Confirmed
H2.2 WO > SOM® 0.000 (o < 0.05, 2-tailed) Confirmed
H3 : False Negative Rate p value Result
H3.1 BO > SOM® 0.000 (o < 0.05, 2-tailed) Confirmed
H3.2 SOM® > WO 0.000 (o < 0.05, 2-tailed) Confirmed

and WebServiceX.net.

The results from testing H2.1 and H2.2
confirm that the WebServSOM generated service
taxonomies achieved lower false positive rates
than the original Web service taxonomies collec-
ted from both BindingPoint.com and WebServiceX.
net. Since the false positive rate represents the
purity level of taxonomies within subject catego-
ries, we conclude that each subject category in
the WebServSOM generated service taxonomies
contained less semantically irrelevant Web serv-
ices within the subject categories than did those
from both BindingPoint.com and WebServiceX net.

The result of testing H3.1 shows that the
WebServSOM generated service taxonomies ach-
ieved lower false negative rates than the original
Web service taxonomies collected from Bind-
ingPoint.com. Based on the result, we conclu-
dethat more of the Web services in the WebServ-
SOM generated taxonomies were correctly cate-
gorized to semantically corresponding subject
categories than were those in BindingPoint.com.

The result from testing H3.2 confirms that
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the original Web service taxonomies achieved
lower false negative rates than the WebServ-
SOM generated service taxonomies did. We be-
lieve this could be attributed to the number of
subject categories used in WebServiceX.net. This
is not surprisingbecause the relatively small number
of subject categories has a twofold effect : on the
one hand, it would result in lower false negative
rates; on the other hand, it would result in higher
false positive rates. Consequently, we conclude
that our Web service taxonomy generation frame-
work generates more accurate Web service taxon-

omies than both existing Web services repositories.

5. Conclusion

In this paper, we have presented a novel
clustering based Web service taxonomy genera-
tion framework, which can be used in conjunc-
tion with the existing Web service technology,
such as WSDL, to support a more service discov-
ery process. The feasibility and features of our

proposed methodology have been demonstrated
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in a prototype system implementation. We have
also reported on some preliminary evaluation re-
sults. This framework constitutes two compo-
nents : iterative clustering analysis method and
descriptive label generation method. The iterative
cluster analysis method utilizes an unsupervised
artificial neural network-based clustering algo-
rithm as a core model to generate Web service
taxonomy, while the descriptive label generation
method semi-automatically assigns descriptive la-
bels to subject category context in the Web serv-
ice taxonomy by utilizing term frequency analysis.

The Web service taxonomies generated by
this framework were empirically evaluated by
comparing them with the existing Web service
taxonomies in two different Web services repo-
sitories. The empirical evaluation showed that the
outputs from our framework were significantly
more accurate than the two Web service taxono-
mies from the two existing Web services reposi-
tories. We believe that this isone of the first at-
tempts at applying unsupervised artificial neural
network-based cluster analysis in the Web service
domain. An extensive literature review reveals
that, although various approaches have been pro-
posed to apply data mining techniques in the Web
service domain, no attempts have been made to ma-

nage domain-independent Web service taxonomies.

References

Dong, X., J. Madhava, and A. Halevy, “Similari-
ty Search for Web Services”, in Procee-
dings of VLDB Conference, Toronto, Canada,
2004.

Glover, E., D. M. Pennock, S. Lawrence, and R.
Krovetz, “Inferring Hierarchical Descrip-
tions”, in Proceedings of the 11th Interna-
tional Conference on Information and Know-
ledge Management CIKM’02, McLean, VA,
2002.

Hatzivassiloglou, V. and K. R. McKeown, “To-
wards the Automatic Identification of Adjec-
tival Scale : Clustering Adjectives Accor-
ding to Meaning”, in Proceedings of the
31st ACL. Columbus, Ohio, USA, 1993.

Honkela, T., S. Kaski, K. Lagus, and T. Kohonen,
“WEBSOM-self-organizing maps of document
collections”, in Proceedings of WSOM’97,
Workshop on Self-Organizing Maps, Espoo,
Finland, 1997.

Hwang, Y., “Evaluation of Web Service Simila-
rity Assessment Methods”, Journal of Intel-
ligence and Information Systems, Vol.15, No.
4(2009), 1~21.

Kohonen, T., Self Organizing Maps, Third ed.
Berlin : Springer, 2001.

Lawrie, D., W. B. Croft, and A. Rosenberg, “Fin-
ding topic words for hierarchical summa-
rization”, in Proceedings of the 24th annual
international ACM SIGIR conference on
Research and Development information Re-
trieval, New Orleans, Louisiana, United States,
2001.

Lewis, D. D., “Evaluating Text Categorization”,
in Proceedings of the Speech and Natural
Language Workshop. San Mateo, CA, 1991.

Merkl, D. and A. Rauber, “Automatic labeling
of self-organizing maps for information re-
trieval”, in Proceedings of the Oth Inter-
national Conference on Neural Information
Processing ICONIP’99, Perth, WA, Aus-
tralia, 1999.

Muller, A., J. Dorre, P. Gerstl, and R. Seiffert,
“The TaxGen Framework : Automating the

A SHEHT ®Mi16d M2 20104 62 51



Yousub Hwang

Generation of a taxonomy for a large do-
cument collection”, in Proceedings of the
32nd Hawaii International Conference on
System Science(HICSS), Maui, Hawaii), 1999,
2034.

Popescul, A. and L. Ungar, “Automatic labeling of
document clusters”, Unpublished manuscript
http://citeseer.nj.nec.com/popescul00automatic.
html, 2000.

Sabou, M. and J. Pan, “Towards Improving Web
Service Repositories through Semantic Web
Techniques”, Web Semantics ' Science, Ser-
vices and Agents on the World Wide Web,
Vol.5, No.4(2007), 142~152.

52 XsHEAT ®M16d X235 20104 62

Stroulia, E. and Y. Wang, “Structural and Se-
mantic Matching for Assessing Web-Ser-
vice Similarity”, International Journal of
Cooperative Information Systems, Vol.14,
No.4(2005), 407~437.

Swets, J. A., Effectiveness of Information Retrie-
val Methods, American Documents, 1969.

Yang, Y., “An Evaluation of Statistical Appro-
aches to Text Categorization”, Information
Retrieval, 1), 1999, 69~90.

Zhuge, H. and J. Liu, “Flexible Retrieval of Web
Services”, The Journal of Systems and Soft-
ware, Vol.70(2004), 107~116.



Facilitating Web Service Taxonomy Generation

Abstract

N FA A 7]ut YA B A BEAA A T AT
AZA H 7}t

YESJOEYWWWIE 788 YRS TP AT ATAIA #8849 F98 5 9 A
MZE) AR Waska dek A SAST e A2 e FF Y9 716 WIS FT
a9 2e) o) walel £ 3 JTL AT Ao AE YAl o)EeAoH Do FAL
g TRY HES AT 7)Y /SIS o192 5 Ut AFYANE BEAE B FFE S0

PARILE A2 B4 AFEBFOZA $E5) AAE WA A2t IHE BA 2555

ﬂd
ofN
A".:
it
i)
ui
BN
lo,
i
3
>
_>.i
o,
o
il
rlo
e
>
=
[
Mz
=il
24

L
i)
el
=,
>
rr
l-fO
o

>,
o,
ol
N

i

sk 71 XML 718k hA Rl 71379 WSDLS ©fn] 47}

NS Ggato] AL BFAA A ZYYYAE Akat) o] mRA AFAARS Fgale] A

okl WAMHI2 EFAA AA ZHdAIE Z2EE A2HZ Jfdsig oy, A4 851 e

PMul 2= AFALZRE G5 A GMHIAES AMEEH] AQEle PAH 2 ERAA AL 2849
it

a8 AFH0R WGt BF AGsE P LS HelFE APFAE Had,

Keywords @ 94482, BF7AA], dlolg] vloy, AFAAY, ZZEEI] AlxH F33} H7}
* A gisty F9E ws

A SHEHT ®Mi16d M25 20104 62 53



Yousub Hwang

b I |

AR MEAHN S AGNE w2 A2 Fo|th The University of Arizona©l 4]
BARBA2H S HFete] AL, AAL 2o BEE HAEe S 5
o). "= NASA9} Raytheon®] Hydrology Resource Management Projectol] Zed3}%)
© ™ Photogrammetric Engineering and Remote Sensing®} ER 8}3] %], Information
Systems Review, AT JEAT 5o =5 AASIEH. 8 FAFok= service

oriented computing, forecasting, artificial neural network®] -8 Wb A IT strategy 5°]Th

54 XsHEAT ®M16d X235 20104 62




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


