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Abstract. This paper describes the use of a highly structured document collec-
tion in XML (IMDb) for simulating retrieval of non-overlapped XML multime-
dia objects. In our experiments conducted in Data Centric Ad Hoc Task, we in-
spect two types of dynamically formed units of retrieval, combining them with
different models for searching and ranking. Our purpose is to find the combina-
tion that leads to most effective retrieval of XML multimedia objects from very
complex documents. We concluded that retrieval is more effective using the Di-
richlet Smoothing as Language Model rather than the Pivoted Cosine as Vector
Space Model. Also, better scores are achieved using the textual content of the
whole document because it supplies more terms and better identification of the
multimedia object compared to the textual content contained in smaller docu-
ment’s parts as the root’s first level descendants.
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1 Introduction

Documents of interest in our research are logically structured documents with the
standardized eXtensible Mark-up Language (XML)' as a wide accepted standard of
World Wide Web Consortium (W3C)?. The structure of the document is represented
like a tree, based on opened and closed tags. Each pair of an opened and closed tag is
known as an XML element. If the XML element contains an attribute that refers to an
external multimedia object, it is called XML multimedia element. The term multime-
dia object is usually connected to images, videos and audios. The textual content of
the XML multimedia element in an XML structured document collection can be used
to describe the multimedia object. Also, the textual content of its ancestors going up

"hitp://www.w3.org/XML/, Accessed April 2012
2http://WWW.W3,OI‘g/, Accessed April 2011
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to the root, and its descendants going down to the leaves, at different levels of granu-
larity, give wider description of that multimedia object. Therefore, if the relevance of
the retrieved multimedia objects is based on the textual content, the retrieval of XML
multimedia elements is the same as the retrieval of pure textual XML elements [12],
[19], [23]. An interesting and challenging aspect of our research is to investigate how
the complex logical structure of the documents influences the XML multimedia object
retrieval. Regardless of the structure, we constructed the results using two strategies
of grouping enclosing elements of the multimedia element from a single document,
without overlapping. In order to discover the most effective method of retrieval from
a strongly XML structured document collection, we experimented with two models
for searching and ranking.

This paper is organized as follows. In Section 2, we present related work. In Sec-
tion 3, we describe the document collection, and our approach for indexing and re-
trieval. In Section 4, we show the experiments we carried out, the results and the
evaluation of our approach. The conclusion and future work are presented in Section
S.

2 Related Work

There are different aspects of multimedia object retrieval. The textual content from an
XML structured document or its parts have the main role in determining the relevant
multimedia objects. In [9], experiments were conducted on a small data set in order to
investigate how element hierarchy influences multimedia object retrieval effective-
ness. They showed that elements higher in the document’s hierarchical structure are
more effective in determining relevant documents containing the multimedia objects,
whereas elements lower in the structure are better in identification of relevant multi-
media objects. This research was continued in [10], where the logically structured
regions at different levels of granularity were more effective in retrieval multimedia
objects than the whole document as representation. Also, it was shown that the lower
level regions lead to bigger precision, whereas higher level regions contain more
terms and lead to improved recall. In [11] XPath® and XLink* were used to explore
how the hierarchical and linking structural information combined with the content
information works in the retrieval of multimedia objects in digital libraries. The paper
[22] presents and compares the effectiveness of two context based methods for mul-
timedia object retrieval. The first one is based on an implicit use of textual and struc-
tural context of multimedia objects, whereas the second one is based on an explicit
use of both sources. They have experimented in order to show which sources of evi-
dence: children nodes, brothers or ancestors offer the best multimedia object represen-
tation. In [7] a mixture of evidence from a content-oriented XML retrieval system is
investigated. Content-based image retrieval (CBIR) system using a linear combination
of evidence is presented. The authors showed that CBIR with text search leads to
better retrieval performance. The paper [18] proposed a general framework for index-

3http://www.w3schools.com/xpath/default.asp, Accessed April 2011
*http://www.w3schools.com/xlink/xlink_intro.asp, Accessed April 2011

S. Markovski, M. Gusev (Editors): ICT Innovations 2012, Web Proceedings, ISSN 1857-7288
© ICT ACT - http://ictinnovations.org/2012, 2012



ICT Innovations 2012 Web Proceedings ISSN 1857-7288 205

ing images with associated text. Their experiments showed that the both textual and
visual information contribute for significantly better results, than using visual only or
textual only information. The research in integrating text retrieval and image retrieval
in XML Document Searching was implemented in [21]. They used different search
engines, and the results generated by the two search engines were merged together
and were evaluated as one result set. The [6] presents a model for retrieval of images
from a large World Wide Web based collection. Rather than considering complex
visual recognition algorithms, their model is based on combining evidence of the text
content and hypertext structure of the Web. A lot of researches were conducted in [3]
and [4] in direction to find the effective way for text retrieval from a big and highly
XML structured document collection. But also, it is interesting to explore and find
how the complex document structure affects multimedia object retrieval effectiveness.
However, in our case XML elements were used for simulating multimedia object
retrieval.

3 Document Collection, Indexing and Ranking

Our research was conducted in Ad Hoc Data Centric Task’, where a ranked list of
results is returned. The term result is related to an answer to a query, defined as a set
of elements that are "collectively relevant” to the query. We used the newly created
IMDb document collection, based on the www.imdb.com web site. The collection has
4418102 XML documents, very rich logical structure and contains the following ob-
jects: movies and persons (actors, directors, producers, and etc.) [3]. The XML docu-
ment structure, shown in Fig. 1, is generated according to the appropriate complex
DTD [3]. Each XML document refers exactly to one movie or to one person. There
are 30 queries in the CO and CAS version, in the standard INEX format, shown in
Fig. 1, but only 28 of them are assessed and used in the process of searching.

= <movie>
<title>Exposicio de 22 Anos de Tapegania (1970) </title>
= <url>
http://www.mdb.com/Title?Exposicio de 22 Anos de Tapegaria (1970)
<url>
— <overview>
<rating>4.4 85votes <'rating>
—<genres>

<genre>Documentary </genre>
</genres> = <topic id="2010027" ct_no="24">
</overview> <title>tom cruise movies</title>
<cast> </cast> <castitle>//movie[about(., Tom Cruise)]</castitle>
— <additional_details> —<description>
—<countries> movies where tom cruise works as actor, producer or director
<country>Portugal </country> </description>
</countries> —<narrative>
</additional_details> The user wants all movies where Tom Cruise have worked
<fun_stafl> </fun_stuoff> </marrative>
</movie> </topic>

Fig. 1. XML document (left), INEX topic (right)

3 http://www.inex.otago.ac.nz/tracks/strong/strong.asp, Accessed April 2012
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We have indexed only the movie object inspired by papers [16] and [17], because
there the best results were achieved with movie object. Also, we have used only CO
version of the queries, based on the same research where CO queries performed much
better results than CAS queries. Before describing the indexing techniques used, we
briefly describe the manner in which we have preprocessed the documents. This step
was necessary for unique identification of each element and better navigation through
the ordered list of returned relevant results, as shown in Fig. 2. We have determined
the ordinal number of each element, the path from the root to that element using
XPath and the position of its textual content expressed through the position of its
initial and final character, according to the whole document. For this purpose, we
have developed an intelligent algorithm which recursively loops trough the document
tree.

1. 1400964:/movie[l] /overview[1] :98-485 (score 16.688488, docid
2227531)

2. 1036353:/movie[l] /overview[1] :236-2785 (score 15.784052, docid
202733)

3. 1270402:/movie([l]/cast[1]:218-927 (score 14.700630, docid
1500723)

4. 1245187:/movie[l]/cast[1]:451-748 (score 14.325662, docid
1382850)

5. 1582178:/movie[1]/fun_stuff[1]:5316-5707 (score 14.045104,
docid 3237973)

6. 650248:/movie[l]/cast([1]:286-1179 (score 13.7483598, docid
5597009)

Fig. 2. A list of non-overlapped results obtained using the preprocessed documents

We have inspected two types of dynamically formed non-overlapping [2] units of
retrieval that enclose, describe and identify the multimedia object, as shown in Fig. 3.

=<movie>

i=<url> H —<url> :
! hitp:/www.imdb.com Title?"Die Drehscheibe™ (1964) {(1970-08-24)}! | ttpAwww imdb.com Tale?" Die Drehscheibe™ (1964) {(1970-08-24)}!
| <url> i i '
= <overview> : overviens
i =<releasedates> | i = <releasedates>
<releasedate>West Germany 24 August 1970 </releasedate> : I <releasedate>West Germany 24 August 1970 </releasedate>
<releasedates> I <releasedates>
i <loverview>
i=<cast> '
i —<actors> H i =<actors>
i =<actor> ! =<actor>
<name>Brasseur, Andre </name> ' H <name>Brasseur, Andre </name>
<character>Singer </character> : : <character>Singer </character>
</actor> | J </actor>
—<actor> i =<actor>
<name>Eskens, Margot <name> : . <name>Eskens, Margot </name>
<character>Singer </character> ! <character>Singer </character>
</actor> | H </actor>
~<actor> ' t —<actor>
<name>Lizell, Nina <name> : <name>Lizell, Nina </name>
<character>Singer </character> ' 3 <character>Singer </character>
</actor> ' H </actor>
</actors> : i <actors>
| <leas> : i<east>
! <additional_details> </additional_details> { <addifional_defaifs> <additional_defails> ™"~

<fun_stuff> </fun_stuff>
</movie>

Fig. 3. Two types of indices (marked with dashes)
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Considering the fact that the whole document is the most natural unit of retrieval
[1] and it is an often researched approach, we have decided this to be one of the alter-
natives for our experiments. We have created an algorithm that groups all the ele-
ments from the document in a single element that will be returned as a response, tak-
ing in consideration the length and the structure of the document. In other words, the
entire textual content of the document that surrounds the multimedia object located in
the movie element can be viewed as a unit of retrieval. In this case only one element
from a document was indexed. In our second approach, the elements were dynamical-
ly grouped up to the movie’s first level descendants. This means that we have consid-
ered each of them as a unit of retrieval. In this case, usually there were from 4 to 6
indexed elements from each document. If some of the elements were empty, they
weren’t indexed.

We have combined our developed indices with the following methods for search-
ing and ranking: Dirichlet Smoothing as Language Model [13], [14], [15], [24] and
Pivoted Cosine as Vector Space Model [13], [14], [15], [20]. In the Vector space
model, the query and the document are presented as two n-dimensional vectors, where
n is a number of unique terms in the document. The main functionality of the Vector
space model is to determine the similarity of these two vectors. The most famous and
usually implemented Vector space technique is Cosine measure, where similarity is
based on the cosine of the angle between the two vectors. When the angle is smaller,
the cosine is bigger, so the two vectors are more similar. The Language model deter-
mines the probability of generating the query and the document from the same lan-
guage model [24]. This is based on probability distributions, and Dirichlet smoothing
is the commonly used technique.

4 Experiments and Results Analysis

The indexing, ranking and the retrieving were implemented using the advanced sys-
tem for that purpose, Zettair’. In order to find the optimal parameters that lead to most
effective retrieval of XML multimedia objects from very complex documents a train-
ing phase was performed. We used the two types of indices, and we applied Vector
Space Model in combination with the Pivot Normalization (Pivoted Cosine) [13],
[14], [15], [20], with different values for the slope parameter s. We also used the Lan-
guage model (Dirichlet Smoothing) with different values for the smoothing parameter
p [13], [14], [15], [24]. We experimented in two directions: focused retrieval, where a
list of ordered non-overlapped results in descending order is returned and relevant in
context retrieval where a list of non-overlapped results is returned, but ordered ac-
cording to the relevancy of the document where the results came from. The INEX
MAIP (Mean Average interpolated Precision) and MAgP T2I (300) (Mean Average
generalized Precision) measures were used to calculate effectiveness of focused re-
trieval and relevant in context retrieval, respectively [5], [8]. We used 14 randomly
chosen queries. In the training process we discovered the values for the parameters

®http://www.seg.rmit.edu.au/zettair/, Accessed April 2012
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that contributed for best result, Table 1 and Table 2. So, in the focused retrieval using
the Pivoted Cosine the high scores are performed with slope value of 0.2 for the mov-
ie index and slope value of 0.1 when indexing the movie’s first level descendants.
Also, using the Dirichlet Smoothing best results are achieved with the smoothing
parameter value of 3000 for the movie index and smoothing parameter value of 2500
when indexing the movie’s first level descendants, shown in Fig. 4 and Fig. 5.

Table 1. The three best training results in the focused retrieval

Movie index

p MAIP S MAIiP
2500 0.244653 0.2 0.240940
3000 0.245467 0.3 0.196735
3500 0.241746 0.4 0.196735
Movie’s first level descendants index
2000 0.172256 0 0.120047
2500 0.172764 0.1 0.162401
3000 0.172278 0.2 0.125616
S0 - S L= s
0.220000 0.220000 — P
b i | i . i
0.160000 \ 0.160000 .
0.140000 \ 0.140000
0.120000 0.120000
0.100000 \ 0.100000
O:OWDDO AN 0:050000
0.040000 - 0020000
0.020000 0.020000
Fig. 4. MAIiP, movie index
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o i G tai g Y =i
0:120000 < \ 0:11.0000 ¥
oo Su e
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Fig. 5. MAIP, indexing movie’s first level descendants

In the relevant in context retrieval using the Pivoted Cosine, the highest scores are
performed with slope value of 0.2 for both indices. Also, using the Dirichlet Smooth-
ing best results are achieved with the smoothing parameter value of 2000 for the mov-
ie index and smoothing parameter value of 500 when indexing the movie’s first level
descendants, shown in Fig. 6 and Fig. 7.
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Table 2. The three best training results in the relevant in context retrieval

Movie index

u MAgP S MAgP
500 0.218528 0.1 0.152834
2000 0.221105 0.2 0.172198
2500 0.215092 0.3 0.146029
Movie’s first level descendants index

500 0.215836 0.1 0.145367
2000 0.214749 0.2 0.169724
2500 0.208271 0.3 0.142283

i | o

oo 1 e s

0.080000 \\‘ o 0.080000

m—— —

Fig. 6. MAgP, movie index
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Fig. 7. MAgP, indexing movie’s first level descendants

209

We can see in both cases of retrieval, when using the Pivoted Cosine, the effec-
tiveness continuously decreases for slop values bigger than 0.2. In the focused re-
trieval using the Dirichlet Smoothing the effectiveness continuously decreases for
smoothing parameter values bigger that 3000 using the movie index and bigger than
2500 indexing the movie’s first level descendants. In the relevant in context retrieval
using the Dirichlet Smoothing for both indices, the effectiveness continuously de-
creases for smoothing parameter values bigger than 2000. But in contrary to Pivoted
Cosine, here the differences between values are not very drastic; they lie in a very
small interval. Therefore, in the testing phase we applied the three optimal values for
the slope and the smoothing parameters that contributed for best results in the training
phase, shown in Table 1 and Table 2. We made experiments with all 28 queries. In
addition, we present the MAiP and MAgP values. In the focused retrieval:
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e The MAIP values obtained using the movie index, for the slope parameter values
0.1, 0.2 and 0.3 are 0.244884, 0.238959, and 0.215998, respectively. Also, for the
smoothing parameter values 2500, 3000, and 3500 the MAiP values are 0.269152,
0.269813, and 0.263837, respectively.

e The MAIP values obtained indexing the movie’s first level descendants, for the
slope parameter values 0.0, 0.1, and 0.2 are 0.117725, 0.139662, and 0.118115, re-
spectively. Also, for the smoothing parameter values 2000, 2500, and 3000 the
MAIP values are 0.158184, 0.157982, and 0.158273, respectively.

In the relevant in context retrieval:

o The MAgP values obtained using the movie index, for the slope parameter values
0.1, 0.2 and 0.3 are 0.217642, 0.210920, and 0.192393, respectively. Also, for the
smoothing parameter values 500, 2000, and 2500 the MAgP values are 0.26761,
0.277213, and 0.269519, respectively.

e The MAgP values obtained indexing the movie’s first level descendants, for the
slope parameter values 0.1, 0.2, and 0.3 are 0.212869, 0.206800, and 0.188573, re-
spectively. Also, for the smoothing parameter values 2000, 2500, and 3000 the
MAgP values are 0.262132, 0.254090, and 0.257827, respectively.

These results lead to the followings: Through all the experiments, the Dirichlet
Smoothing is more superior compared to the Pivoted Cosine. Also, the retrieval of the
most relevant multimedia objects from highly structured collection is more effective
using the movie index. That was expected, because the textual content of the whole
document supplies more terms and better identification of the multimedia object than
the smaller textual content contained in the movie’s first level descendants.
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recall recall

—+—=Movie =8 Movie’s first descendants

Fig. 8. Focused retrieval (left), Relevant in context retrieval (right)

From visual inspection in Fig. 8 we can see that in the focused retrieval the movie
index always performs high precision at every level of recall. On the other hand, in
the relevant in context retrieval, the curves are closer to each other. It means that the
movie index is just a little bit more effective than indexing movie’s first level de-
scendants because the second index fails to return all the relevant document parts. The
situation where the two curves are much closer to each other (overlapped) is con-
firmed with the well-known definition for the recall. With higher recall values the
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number of relevant retrieved movie’s first level descendants is bigger. In this scenario,
the curves would be fully overlapped when all the movie’s first level descendants
from the document are considered as relevant and they are returned as a response.

The official best ranked INEX 2010 runs are ufam2010Run2 (MAiP = 0.1965) and
OTAGO-210-DC-BM25 (MAgP = 0.2491). Our best ranked results are higher than
these and we suppose that it comes from the fact that we have indexed only the movie
object of the IMDD collection.

5 Conclusion and Future Work

This paper described the use of strongly XML structured document collection (IMDb)
for simulating retrieval of non-overlapped XML multimedia objects. We investigated
how the context influences the multimedia object retrieval effectiveness. In order to
discover the most effective way of retrieval, we experimented with two models for
searching and ranking and two strategies of indexing and grouping different elements
from a single document without overlapping. We showed that the Dirichlet Smooth-
ing is more superior compared to the Pivoted Cosine. Also, as we expected, the movie
index contributed for better results, because the textual content of the whole document
supplies more terms and better identification of the multimedia object than the smaller
textual content contained in the movie’s first level descendants. The index for the
movie’s first level descendants always fails to return all the relevant document parts,
therefore in both cases of retrieval its effectiveness curve is under the movie index
curve.

We are planning to experiment with INEX 2011 Data Centric topics and make fu-
sion with our present results. Also, we plan to extend this work with some non-
English document collections, like a Macedonian document collection. A challenging
approach is to make a mixture of context and content retrieval from documents with a
very rich XML structure.
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