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ABSTRACT

In this paper we propose a unified clustering algorithm for both
homogeneous and heterogeneous XML documents. Depending on
the type of the XML docoments, the proposed algorithm modities
its distance metric in order to properly adapt to the special
structural characteristics of homogeneous and heterogeneous
XML documents, We compare the quality of the formed clusters
with those of one of the latest XML clustering algorithms and
show that our algorithm outperforms 1t i the case of both
homogencous and heterogencous XML documents.

Categories and Subject Descriptors
H.3.3 [Information Storage and Retrieval|: Information Search
and Retrieval = clustering, search process.

General Terms
Algorithins
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1. INTRODUCTION

Data Clustering |6] is a challenging field in the area of data
management. There are various forms of clustering that are
required in a wide range of applications. Moreover there are many
different types of data that can be clustered. Lately data wrtten in
a more sophisticated markup language such as XML have made
greal strides in many domains, Processing and management of
XML documents have already become popular research issues
[1], with the main problem in this area being the need 1o optimally
index them tor storage and retrieval purposes. For this reason we
need to know how to identity related data. Clustering of XML
documents brings new challenges, since an XML file encodes not
only data but also structure, in one entity and this affects the
efficient application of traditional clustering algorthms in order
o detect groups of XML documenis that share similar
characteristics. The estimation of similarity is closely related to
the distance metric exploited by the clustering algorithm.

In the lterature, trees are commonly wsed for modeling XML
documents  without  reference  elements  and  the  structural
similarity between a pair of XML documents can be defined as
some edit distance between the corresponding labeled trees,
However, in XML, a strong hierarchical relationship exists
between the elements of the documents. Documents are
considered similar for not only having elements similar in
concepts, but also lor having similar structural relationships

between them. A few methods of XML clustering do not consider
semantic measures (o form the grouping. In the following section
we highhght some notable methods.

1.1 Background and Related Work

There have appeared in the literature many research works that
attempted to solve the XML clustering problem by proposing
several techniques and algorithms. Generally the clustering of
XML documents as a problem has two dimensions: content and
structure. The content dimension needs distances that estimate
simulanty i terms ol the textual content inside elements, while
the structure dimension needs distances that estimate similarity in
terms of the structural relationships of the elements. Taken these
two dimensions into consideration, the authors in [9)] address the
problem of clustering XML data according to structure and
content features enriched with lexical ontology knowledge. Also
Ma & Chbeir [7] have studied the similanty between XML-Based
data and have proposed an approach able 1o consider both the data
structure and the content based on the same schema and by using
a prototype to validate and evaluate their results. In [3] the
authors proposed a methology for clustering XML documents on
the basis of their structural similarities which 15 based on the
noton of XML cluster representatives. In this way they exploited
the tree nature of XML documents and provided technigues for
tree matching, merging and pruning. Another work example of
Dalamagas [4] explores the application of clustering methods for
grouping structurally similar XML documents. By modeling the
XML docoments as rooted ordered labeled trees, they apply
clustening algonthms using the tree-edit distance between these
trees in terms of the hierarchical relationship of their nodes.
Another interesting  work in o |5], deals with clustering
homogeneous collections of text-centric XML documents, By
using the classic k-means clustering algorithm they combine
structural similarities and content simalarity 1in order to improve
the clustenng quality. One of the most recent approaches 15 the
work presented an [3]. The authors propose a compact level
structure representation of each XML document based on node
summaries per level of the XML document. Based on this
representation, they define an appropriate distance metric for
heterogeneous XML documents and they apply a hierarchical
clustening algorithm in the set of level structure representations ol
the documents.

The main disadvantage of the previously described methods is the
lack of a wnified clustering framework that can be applied
efficiently both in  femogeneous and  feterogeneous XML
documents. Heterogeneous XML documents are derived from
different Document Type Defimtions (DTDs) and represent
semantically different information. Such XML documents in most
cases do not share the same node tags, as they belong to different



semantic categories. However, in some cases such as in a movie
DTD and in an actor DTD, the XML documents may share some
node tags but can contain different parent/child relationships
between such nodes. On the other hand, homogencous XML
documents are usually derived from sub-DTD s of the same DTD.
Those documents usually share the same set of nodes per level
and their differences lie in the presence or absence of certain
edges between nodes of consecutive levels, Thus, due to different
structural characteristics of homogeneous and heterogeneous
XML documents, a uwnified clustering  framework  should
distinguish between them and treat them properly, in order to
improve its clustering results,

1.2 Paper Motivation and Contribution

As has already been mentioned, in order o apply a clustering
process in a set of XML documents, it is vital to define a suitable
representation of an XML document and a corresponding distance
metric between the representations of a pair of XML documents.
Some of the previously described clustering methods either utilize
a complex and difficult to caleulate distance metnie [4] or they
propose a distance metric which misses important structural or
semantic  information  from  the XML documents  [5], 8]
Additionally, to our knowledge, none of the existing XML
document representations and distance metrics  distinguishes
between homogeneous and heterogeneous XML documents.
However, in order to achieve optimal results, a clustening
framework for XML documents should treat homogeneous XML
documents in a different way than heterogeneous XML
documents due to their different characteristics as explained
previously.

In this paper we extend and generalize the clustering process
proposed in [8]. The proposed level structure representation in
that paper, although compact and relatively small in size, ignores
important structural information such as the relationships between
the nodes of every level. This may result in totally erroneous
clustering results in case of homogeneous XML documents
sharing the same set of node tags or in the case of heterogeneous
MML documents sharing a subset of same node tags. Finally, the
proposed metric 15 mainly addressed for heterogencous XML
documents. However, the distance metric should also be
considered and properly revised for the case of homogeneous
XML documents, which wsually requires a different approach.
Regarding the clustering process, the authors propose the usage of
a hierarchical clustering algorithm, but they neither mention how
a cluster representative 15 dehined nor take into consideration that
the popularity of real XML datasets grows rapidly resulting into
exponentially increasing clusiering time.

In order to address the above mentioned problems, we propose
LevelEdee, a novel structured representation of XML documents
based on edges summaries and an appropriate distance metric
between two XML documents based on  the LevelEdge
representations of the XML documents.

The proposed structure representation summarizes per level the
most important structure elements of an XML document: its
edges, instead of nodes and it can be adapted appropriately in the
case of homogeneous XML documents. Additionally, in order to
provide a more eflicient clustering process and results, we
propose the ulihzation of a partiional clustening algonthm along
with the definition of an appropriate cluster representative
structure. XML documents are represented by their LevelEdge's

and their distances are computed using the proposed distance
metric.

Finally, we propose an indexing technigue for the clustering
results, in order to improve the efficiency of existing XML
gquerving algorithms over a set ol heterogencous/homogeneous
AML documents,

The contribution of our paper can be summarized as follows:

« A compact representation of XML documents s
proposed  that  preserves most of the structural
information of an XML document by summarizing the
distinet edges for each level of the XML document.

s A distinchion 13 made between homogeneous  and
heterogeneous XML documents by properly adjusting
the proposed distance metric.

s  Efficient clustering of a set of XML documents is
performed using a partitional clusterning algorithm.

e  Every cluster s represented by a compact cluster
representative structure that summarizes the properties
and characteristics of the XML documents included in
the appropriate ¢cluster,

#  An efficient utilization of the clustering results for
boosting the querying process over the set of the XML
documents.

The rest of the paper is structured as follows: Section 2 introduces
the LevelEdge structure of an XML document and describes the
corresponding distance metrig; section 3 discusses analytically the
clustering process; section 4 discusses the experimental results;
section 3 presents owr conclusions and section 6 lists our
references.

2. LevelEdge Structure and Distance Metric

2.1 LevelStructure and its Drawback

The authors in [8] introduced the LevelStructure: a compact
structured summary of an XML document. The LevelStructure
groups the distinet XML nodes for each level in the document,
thus it is organized as a vector of levels, where every level
contains a list of distinct XML nodes. An example of an XML
document and its LevelStructure is presented in Figure lia) and
Figure I(b) respectively. The integer number below a node’s tag
in the Figure 1{a) is its corresponding integer encoding. Those
mntegers are used lor representing the nodes in the LevelStructure
of Figure 1{b). Although compact and relatively small in size, the
LevelStructure has a main drawback which can result in totally
erronecus results during the clustering process of a set of XML
documents represented by their LevelStructrues: 1t misses
information  about the structural relationships  (parent/child,
ancestor/descendant)  between  nodes. The  only  structural
information contained in LevelStructure is which nodes are
presented in each level of the XML document, while the
relationships between nodes of different levels are missing. Thus,
it is possible that the same LevelStructure corresponds to two
structurally-different XML documents, as shown in Figure 2.
Figure 2 depicts an example of two XML documents containing
the same distinct nodes in each level, but the parent/child
relationships between nodes are different in each document,
Howhbeit, the two XML documents are summarized by the same
LevelStructure. This case is wvery common in cases of
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Figure 2. Example of two dilferent XML documents represented by the same LevelStructure

homogeneous XML documents, derived from sub DTDs of the
same [XTD, or in cases of heterogeneous XML documents sharing
the same node tags but utilizing different structural relationships
between ther nodes.

As a result, the LevelStructure representation ol an XML
document is insufficient for being utilized in a clustering process
of either heterogeneous or homogeneous XML documents,

2.2 LevelEdge: Summarizing Edges per Level
In order to address the problems of LevelStructure representation,
we propose a unique structure representation of XML documents
called LevelEdge which is based on edge summaries.

The LevelEdge structure groups the distinet edges for each level
in the XML document. It is organized as a vector of levels, where
cach level contains a list of distinct edges. Each distinct edge is
uniquely defined by its two distinet point-nodes. The distinct
edges are first encoded as integers and those integers are used in
order to construct the LevelEdge representation of an XML
document. Figure l{c) presents the LevelEdge representabion of
the XML document in Figure 1{a). The integer numbers in the
side of each edge in the XML document are the encodings of the
corresponding edges. For example, all the Paper-Author edges are
encoded as 3, while the Poster-Author edge is encoded as 5. As
we can see In Figure lic), the LevelEdge structure consists of
only two levels, as no edges begin from level 3. The Levell)
contains the edges /. 2 which correspond to the outcoming edges
of the Conference node, while the Levell contains the edges 3, 4,
3, 6 and 7 which correspond to the outcoming edges of the nodes
in the level 1 of the XML document.

The main advantage of the LevelEdge representation of an XML
document m relation with the LevelStructure representation 1s the
preservation of the structural relationships between nodes of

consecutive levels of the XML documents in the form of edges.
Each edge represents a parent/child relationship between the
nodes comresponding to its two points. Thus, the LevelEdge
representation summarizes all distinet parent/child relationships in
cach level of the XML document, instead of simply summarizing
the distinct nodes as LevelStructure does, As a result, in all cases
of real XML documents, either heterogeneous or homogeneous,
the summarized edge information for each level is enough in
order to distinguish between semantically and structurally
different XML documents. Consider for example a set of
heterogeneous XML documents derved from different DTDs
which do not share the same node tags. In such a case both the
LevelEdge and LevelStructure representations can be utilized in
order to distinguish between two different XML documents.
However, there 15 a possibility that some of the documents in the
set share a subset of the same node tags but contain different
parent/child relationships between such nodes. In such a case, the
LevelEdge representations of two such documents will be very
different because they encode edges, not nodes. On the other
hand, the corresponding LevelStructure representations of the two
documents may be similar enough to be considered as
homogencous XML documents. Regarding a set of homogencous
XML documents the LevelStructure representation totally fails to
distinguish between two XML documents derived from different
sub-IDTDs as they share the same set of node tags in each level.
On the contrary, the LevelEdge structure can distinguish hetween
two such documents, as they usually differ mn the absence or
existence ol extra edges i some levels (e.g. optional attributes
andfor optional children nodes). This important property of the
LevelEdge representation can be unlized in order to define an
appropriate  distance  metric  between  two  LevelEdge
representations which in twn can be adopted for applying a
clustering process over a set of heterogeneous or homogeneous
XML documents,
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Figure 4. Example of similarity measure between heterogeneous XML documents

2.3 Distance metric between LevelEdge

representations

In order to apply a clustering process over a set of XML
documents represented by their LevelEdge's, we need to define
an appropriate  distance metric  between two  LevelEdge
representations. This distance metric should approximate the real
semantic and structural distance between the two XML
documents. Finally, as explaned previously, the distance metric
should distinguish  between homogeneous and heterogeneous
XML documents and adapt itself accordingly.

Based on the above notes, we first propose a similarity measure
between two LevelEdge representations and then we define the
corresponding distance metric based on the proposed similarity
measure, Consider two LevelEdge representations [, and L,
with N, and N, levels respectively and a positive mteger a >0,
Let m=mn{N, . N,}) and M =max(N, N,) . Then, we dehine the
similarity measure between L, and L, as follows:

m=|

Z{‘.‘ ™ i

3 _ I'=n
Simf., Ly = M=l

)=l

i1

. where ¢; denotes the number of common distinet edges in the
level i of L, and L, , while ¢, denotes the total number of distinct
edges m the level j of both I, and L, . The mnteger a 1s a user-
detined weight factor which i1s used to indicate that higher level
edges are semanbically more important in XML documents. The
denominator in Equation | denotes the total weight of all distinct

edges in both trees, while the numerator denotes the total weight
of the common edges in levels of I, and L, . Thus, the more

common edges in high levels the two LevelEdge representations
have, the more similar they are. The intuition behind weighting
the number of common edges accordingly to the corresponding
level 1s that edges m higher levels of the XML document
contribute in the semantics of the XML document more than
edges in lower levels,

The proposed similarity value varies between (0 and 1; () indicates
completely structural-different XML documents and | indicates
structural-similar XML documents.  The previously defined
suntlarity measure 15 used as-is in the case of homogeneous XML
documents. As explaned before, homogeneous XML documents
are derived from sub-DTDs of the same D'TD, s0 we except that
common edges occur in the same levels in both documents. That's
why the proposed similarity measure implies a strict matching
procedure, where common edges are searched only in the same
level of both the XML documents. Figure 3 depicts an example of



calculating the similarity between two LevelEdge representations
of homogeneous XML documents, using a weight factor of 2.

However, two heterogeneous XML documenis may share
common edges in different levels of their structure, eg. a
document 1 may have an edge e/ at level ¢, while a document 2
may have an edge e at level j. Such matchings at different levels
are the most common cases in heterogeneous XML documents,
due to different DTDs, Thus the similarity measure should be
maodified accordingly in order to loose the matching procedure’s
criteria. Thus, instead of checking the common edges only in the
same level of the two documents, we loose this constraint and we
permit matching common edges o different level in each
document. That way, we are able to “catch™ partial matchings
between two documents, even in different levels ol each
document. We first give the definition of the new similarity
measure between two heterogeneous XML documents and then
we describe the exact matching procedure for calculating the
similarity measure.

The similarity measure between (wo LevelEdge representations
L and L, of heterogeneous XML documents is deflined as

follows:
L=l _ L-1
{}15“ E{-‘I Kﬂf-_r_l | EI.':'-IH Z_f:: KHF?_L_I
: _ i=0 k=)
SI!.FILPL?— B - (20,

=0

where {'} denotes the number of common edges found between

the level i of [, and some level of L, during the matching

procedure, (E

between the level & of L, and some level of L during the

denotes the number of common edges found

maiching procedure. The semantics of the numerator and
denominator in Equation 2 are the same with Equation 1. The
only difference is the way of defining the common edges and
calculating their corresponding weight.

The (‘J-I and L‘f values are defined by a matching procedure that

tries to match each level { of L, with a level jof L, in such a way

that the two corresponding levels contain at least one common
edge and if the level i-7 of L, has been matched with the level &

of L, then the level i of L, can only be matched with a level j of
L,if j=k

The matching procedure based on Equation 2 is defined as
follows:

I. Start searching for common edges in Level 0 of L and

. ¥
L, . Il at least one common edge is found, sel L‘E] and Cp

equal with the number of common edges found and go to
step 2, Otherwise go o siep 3.

2. Move both L, and L, to the next level (increase i, k by
1) and search for common edges. If at least one common

edge is found, set L'!! and c.f equal to the number of

common edges found and go to step 2. Otherwise go to
step 3.

3. Only move L, to the next level ({increase & by I} and
then search for common edges in the level i of L and the

new level & of L.. If at least one common element is

found, set L'r-] and L‘E equal to the number of common

edges found and go 1o step 2. Otherwise go Lo step 3,

4. Repeat until all the levels in either object have been
checked.

Figure 4 depicts an example of calculating the similarity between
two LevelEdge representations of heterogeneous XML
documents, using a weight factor of 2. For example, dunng the
malching procedure, no common edge was found at level 1 of L

and L, . Thus, we proceeded at the next level (level 2) of L, . At

this point, we found two common edges {edge 2 and edge 3)
between the level 1 of L, and the level 2 of L,, resulting in

1 |
e, =2 and ¢;=2.

Agamn, the proposed similanty’s (Eguation 2} value varies
between 0 and 1; OV indicates completely structural-different XML
documents and 1 indicates structural-similar XML documents,

After defining the similarity between two LevelEdge
representations  of  homogeneous or  heterogeneous XML
documents, we define the distance metric between two LevelEdge
]'E-'l'l['E'ﬁETItEI[iﬂ]'Iﬁ il

Dis; . =I—Sr’¢rt;1i: (3)

The distance metric’s value varies between (0 and 1; O indicates
structural-similar XML documents and | indicates completely
structural-different XML documents. The proposed distance
metric -will be utilized as the distance metric of the XEdge
clustering algorithm, described in the next section.

3. XEdge Clustering Algorithm

With the increasing volume of information stored in XML
documents, the number of XML documents grows rapidly. Thus,
XML management systems should be able to deal and cluster
cthoently a large number of XML documents. Based on this
notion, we propose XEdpe: a partitional clustering algorithm

based on kMeans [6] as it incorporates the main advantages of
kMeans:

# [t is generic, as it can work for any distance desired and
requires no training phase.

o Iis speed 15 very appealing in practice, especially n the
case of large numbers of items.

XEdge 15 a modified version of k-Means where each XML
document is represented by its LevelEdge and which wutilizes the
previously described distance metric in order to calculate the
distance between two LevelEdge representations. Additionally,
mstead of assigning random nitial centroids to the clusters, the
algonthm utihizes the method descnbed n [2] w0 caleolate the
imiial centrond for each clusier. Finally, for every clusier we
define its cluster representative. A cluster representative is a
LevelEdge representation that summarizes all the LevelEdge
representations  of the XML documents belonging to the



XEdge Algorithm

f#Input Parameters™/

Mumber of clusters: &

A setof m LeveEdge representations L, L,,..., L

Flmbahzation Phase®/

iy Form k& emply clusters

*Main Phase®/

Until no cluster representative 1s changed

(2) Calculate the initial centroid for each cluster utilizing e.g. the method described in Error! Reference source not found..

Repeat
(6) Assign each LevelEdge representation to the cluster that has the minimum [Dis Lo
jri
{7) When all LevelEdge representations have been assigned, recalculate new cluster representatives;

Figure 5. XEdge clustering algorithm’s overview

corresponding cluster. More precisely, each level of the cluster
representative contains all the distinct edges in that level of all the
cluster’s LevelEdge representations.

Figure 5 outhnes the proposed clustering algorithm that consists
of the initialization phase and the main phase. In the initialization
phase, & clusters are formed and the initial centroid for each
cluster is calculated based on the method described in [2]. Due o
space limitations, we will not describe further the technique for
calculating the imitial centroids.

During the mamn phase, every LevelEdge representation 1s
checked again each cluster and is assigned to the closest clusier.
The distance between a LevelEdge representation L, and a

cluster € is defied as the distance between L, and the cluster’s

representative, After assigning all the LevelEdge representations,
the cluster representatives are recalculated, The main phase is
repeated until no cluster representative 1s changed,

The output of the XEdge algonthm is a set of & clusters
containing the input LevelEdge representations of the XML
documents. The resulted clusters, except for providing a
condensed overview of the grouping of XML documents, can be
utilized in order 1o boost existing XML querying algorithms. As
mentioned before, every cluster is well-defined by its cluster
representative: a LevelEdge representation summanizing all the
distinct edges per level of the XML documents belonging to the
corresponding  cluster. A naive solution  for boosting  the
processing of XML queries, is to build an index with key the
integer  code  of an  edge and wvalue a  list  of
tuples < clNum, Level = . The clNwm of a tuple represents the

number of the cluster which contains the edge-key and the Level
represents the edge’s level in this cluster’s representative, If the
corresponding edge 15 contained 1n more than one level in the
cluster’s representative, then the hst contains one tuple tor every
edge’s level on the corresponding cluster representative.

The resulted index can be utilized by an XML querving algorithm
in order to boost the processing of XML queries, by reducing the
query space. In this paper we consider simple path queries
containing only parent/child relationships. Every such query can
be split into a sequence of edges, starting from the rool node of
the query. Starting from the hirst edge, we query the formed
index, gain the corresponding list of wples and store it. In every

step, we check the newly gained list of tuples with the stored
tuples of the previous steps. For every new tuple <cld _n, lev_nz,
we check whether there exists a stored tuple <cld_s, lev_s> with
efd_s = cld_n and lev_n = lev_s+1. Il such a stored tuple exists,
then the corresponding cluster’s representative contains the
portion of the query comprised by the previous and current query
edge. Thus, we store the corresponding new tuple, otherwise we
discard it. After gquerying all the edges, we have a stored list of
tuples. The set of cluster numbers in that hist 15 the clusters that
may contain XML documents that match the ongmal query. This
15 true, as a clusier representative summarizes all the distinct
edges per level of its XML documents. Thus, we apply the
guerving algorithm only in the XML documents of the
corresponding clusters, reducing that way the querying space and
boosting the processing of the XML guery. This technique can be
utilized with any existing XML querying algorithm as it can be
considered as a preprocessing step of the querying algorithm.

4. Experimental Results

We compared XEdge against XCLS |8] in ordeér to test the
efficiency of our LevelEdge representation along with the
utilization of the previously described distance metric. We chose
XCLS because it is one of the most recently proposed XML
clustering algorithms, it utilizes a technically similar clustering
approach with XEdge and 1t 15 mainly used for heterogencous
XML documents. As mentioned before, XEdge is designed 1o
work efficiently both in case of heterogeneous and homogeneous
XML documents. In order to compare the efficiency and
performance of XEdge with XCLS, we performed three different
experiments.

In the first expenment, we used 323 real heterogencous XML
documents downloaded from the Wisconisn’s XML data bank
(www.cs.wisc.edu/niagara/data.html)  and the XML  data
repository  (www.cs.washington.edu/research/xmldatasets).
The downloaded XML documents can be calegonzed m 7
different  domams:  Actors, Bibhography, Club, Company,
Department, Movies and Sigmod Records. The main feature of
this dataset is that most of the different domains utilize different
node tags and edges/relationships, except of the Sigmod Record
and the Bibliography domains that share the same node tags but
use different edges/relationships between those shared node tags.




Table 1. Results of experiment 1

XEdge XCLS
XML Domain # Documents
Hecall Precision F-measure Recall Precision F-measure

Aciors 15 I | I I | I

Bibhography 16 I 1 I 1 | I

Club 12 | 1 l 0 0 il

Company 20 i | | i | [
Drepariment 19 I 1 l I (il 073
Sigmaod 51 I | | I (1,92 0,96

Movies 130 1 | | 1 | I

XEdge XCLS
Sub-DTTy # Documenits
Recall Precision F-measure Recall Precision F-measure
Dblp_1 17 | | | [ L) [
Dhbip_2 o 1 | I 21 | {35
[hlp_3 24 I | I (55 | 073
Dblp_4 110 | | l 1 047 .64

_ XEdge XCLS
sub=13 1LY # Documents

Hecall Mrecision F-measure Recall Precision F-measure
Movie ] 17 058 | 073 1 | [
Movie_2 25 0,44 0,35 0,39 0,96 (.65 0,78
Movie 3 15 .80 0,46 046 (1,56 013 0,22

With this experiment we wanted to compare the efficiency of
XEdge and XCLS in the case of heterogeneous XML documents.

In the second experiment, we wused the dblp DTD
(hitp:/fwww.anformatk.uni-trier.de/~ley/db/about/dblp. did) Lo
create 4 sub-DTDs. We created those sub-DTDs in such a way
that the denved svonthence XML documents would share the same
node  tags  in each level, but  contain  some  different
edgesfrelationships in most of the levels. Thus, with this
experiment we wanted to test the performance of XEdge and
XCLS in the case of homogeneous XML documents shaning the
same node tags bul different edges. We created a total number of
167 homogeneous XML documents: 17 derived from the first sub-
DTD, 16 derived from the second sub-DTD, 24 derived from the
third sub-IXTD and 110 derived from the fourth sub-DTD,

In the third experiment, we used the movies DTD
(http:/fwww.cs.wisc.edu/niagara/data.html) to create 3 sub-DTDs,
We created those sub-DTDs m osuch a way that the denved
synthetice XML documents would share the same node tags and
edges/relationships in each level, Thus, with this experiment we
wanted to test the performance of XEdge and XCLS in the case of
homogeneous XML documents sharing the same node tags and
edges. We created a total number of 57 homogencous XML
documents: 17 derived from the hirst sub-DTD, 15 denved from
the second sub-DTD and 15 derived from the third sub-DTD.

In each experiment, we used the recall, precision and F-measure
external metrics 1n order to evaluate the gquality of the formed
clusters by XEdge and XCLS. Precision and recall are external
cluster guality metrics based on the comparison of the formed
clusters to known external classes (e.g. dilferent domains or sub-
DTDs). Given a class EI- ol XML documents with a number n

of XML documents, a cluster O, formed by either XEdge or
XCLS, with n, XML documents, let 7/ be the number of
documents in C, belonging to £ .. Then, the precision, recall

and F-measure are detined as follows:

.i Fl
precision({C,, £ ) = &, recall(iC,,Z )= e
Ji'l. n i

F © 7 precision(C,,Z ) xrecall(C,.Z )
= L"“"Ill : o i — P— i
. Bt precision(C,. £ )+ recall(C,.2Z )

4.1 Experiment 1

The dataset of experiment 1 was a set of 323 heterogeneous XML
documents, categorized in 7 domains as described before, The
results of that experiment are presented in Table 1. As it can be
easily seen, XEdge performs excellent and succeeds to correctly
categorize the XML documents in the appropriate clusters. On the




other hand, XCLS although succeeding in determining most of the
clusters, it fails to correctly dentify the Club cluster as well as
some documents belonging to Sigmod and Depariment domains.
These results are expected because some XML documents,
although belonging i dilferent domains (such as Sigmod and
Bibhography) share the same node tags. This property results in
erroneous formed clusters by XCLS, because it is based on node
summaries and doesn’t take into consideration the relationships
between nodes (which are different in Sigmod and Bibliography ).
On the contrary, XEdge performs excellent as it is based on edge
summaries, thus it can distinguish between XML documents
belonging to different domains as they have totally different
edges,

4.2 Experiment 2

The dataset of experiment 2 was a set of 167 homogeneous XML
documents, derived from 4 sub-DTDs of the dblp DXTD. The main
property of those documents was that they shared the same node
tags, but different edges. The results of that expeniment are
presented in Table 20 As it can easily be seen, XEdge performs
excellent and succeeds 1o correctly  categonize the XML
documents in the appropriate clusters, as it is based on edges
summaries and not node summaries, On the other hand, XCLS
fails to distinguish documents derived from different DTDs and
achieves an average F-measure of only 0.43. This 15 due to the
fact that 1t considers only nodes and not edges, thus because of the
previously mentioned property of the XML documents fails to
cluster them properly.

4.3 Experiment 3

The dataset of experiment 3 was a set of 57 homogencous XML
documents, derived from 3 sub-DTDs of the movies DTD as
described before. The main property of those documents was that
they shared the same node tags and edges. The results of that
experiment are presented in Table 3. As il can easily be seen, both
XEdge and XCLS fail to cluster properly the XML documents
and achieve an average F-measure of 0,57 and 0,66 respectively,
These results were expected due 1o the fact that the XML
documents share the same node tags and edges, thus XEdge
which 15 based on edges summaries and XCLS which is based on
node summaries are not able to disinguish between XML
documents derived from different DTDs. However, the need of
clustering real homogeneous XML documents with the above
mentioned property is very rare, because such documents usually
are considered structural-similar, so there 15 no need to categonize
them. We performed this experiment for evaluation purposes and
in order to investigate the drawbacks of XEdge and XCLS.

5. Conclusions and Future Work

In this paper, we proposed XEdge, a unilied clustering algorithm
for homogeneous and heterogeneous XML documents. At first,
each XML document was represented by a LevellEdge, a structure
that summarizes the distinct edges in each level of the document.
Based on this representation, we next proposed two different
distance metrics, depending on the type of XML documents to be
clustered. The distance metrne adapted to the special structural
characteristics  of  homogencous  and  heterogencous XML
documents in order to provide a realistic measure of the structure

distance between two XML documents. The next step was the
application of XEdge, a partitional clustering algorithm  that
utilizes the proposed structured representation and distance
metric. For improving the clustering results, a preprocessing step
for refining the mnitial points for the formed clusters was applied
and an appropriate delimtion for the cluster representative was
presented.  The  experimental  results showed  that  XEdge
outperforms  XCLS  both in  case of homogencous  and
heterogeneous XML documents.  Finally, we proposed the
construction of an index structure over the formed clusters of
XML documents in order to boost the performance of existing
XML querying algornthms. In the Tuture, we intend o investigate
a more advanced and efficient method for exploiting the formed
clusters in order to boost the performance of XML querying
algorithms. Additionally, we want to compare XEdge with more
exisiing XML clustering algorithms,
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XXXX annual work summary
Dear every leader, colleagues:

Look back end of XXXX, XXXX years of work, have the joy of success in your work, have a
collaboration with colleagues, working hard, also have disappointed when encountered difficulties
and setbacks. Imperceptible in tense and orderly to be over a year, a year, under the loving care
and guidance of the leadership of the company, under the support and help of colleagues, through
their own efforts, various aspects have made certain progress, better to complete the job. For
better work, sum up experience and lessons, will now work a brief summary.

To continuously strengthen learning, improve their comprehensive guality. With good
comprehensive quality is the precondition of completes the labor of duty and conditions. A year
always put learning in the important position, trying to improve their comprehensive quality.
Continuous learning professional skills, learn from surrounding colleagues with rich work
experience, equip themselves with knowledge, the expanded aspect of knowledge, efforts to
improve their comprehensive quality.

The second Do best, strictly perform their responsibilities. Set up the company, to maximize
the customer to the satisfaction of the company's products, do a good job in technical services and
product promotion to the company. And collected on the properties of the products of the
company, in order to make improvement in time, make the products better meet the using demand
of the scene.

Three to learn to be good at communication, coordinating assistance. On-site technical service
personnel should not only have strong professional technology, should also have good
communication ability, a lot of a product due to improper operation to appear problem, but often
not customers reflect the quality of no, so this time we need to find out the crux, and customer
communication, standardized operation, to avoid customer's mistrust of the products and even
the damage of the company's image. Some experiences in the past work, mentality is very
important in the work, work to have passion, keep the smile of sunshine, can close the distance
between people, easy to communicate with the customer. Do better in the daily work to
communicate with customers and achieve customer satisfaction, excellent technical service every
time, on behalf of the customer on our products much a understanding and trust.

Fourth, we need to continue to learn professional knowledge, do practical grasp skilled
operation. Over the past year, through continuous learning and fumble, studied the gas generation,
collection and methods, gradually familiar with and master the company introduced the working
principle, operation method of gas machine. With the help of the department leaders and
colleagues, familiar with and master the launch of the division principle, debugging method of the
control system, and to wuhan Chen Guchong garbage power plant of gas machine control system
transformation, learn to debug, accumulated some experience. All in all, over the past year, did
some work, have also made some achievements, but the results can only represent the past, there
are some problems to work, can't meet the higher requirements. In the future work, | must develop
the oneself advantage, lack of correct, foster strengths and circumvent weaknesses, for greater
achievements. Looking forward to XXXX years of work, I'll be more efforts, constant progress in
their jobs, make greater achievements. Every year | have progress, the growth of believe will get
greater returns, | will my biggest contribution to the development of the company, believe in



doc@rf

WWwWWw.docin.com




