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Communities and Workflow: Driving Information
Consumpt ion

Keynote presentation

Rene van Erk
Wolters-Kluwer, The Netherlands

rene.van.erk@wolterskluwer.com

Abstract

A good understanding of communities and knowledge on
workflows are key drivers for product innovation. The dy-
namics of the “old” publishing world need to be brought
together with the dynamics of the new information world,
characterized by 2.0 solutions, social media, gadgets, etc.

A vision on communitieSEor any product or service provider

it is important to have a vision on communities: the inter-
net is creating new information usage patterns which drive
opportunities for user generated content, social networking,
and changing revenue streams. Communities are key, but
they can take time to build and a community manager to
facilitate dialogue can help to add value.

Insight into workflowsTo drive innovative products and
solutions, it is also important to have an insight into work-
flow needs. Customer interaction and testing show that
workflow solutions cannot be stand-alone anymore but must
provide integrated content, and add-on features must be ac-
cessible from within the same environment. Additionally,
different customers have different priorities and need differ-
ent user-interfaces. A doctor’s needs are very different from
those of an accountant, for example. It is essential to know
the dynamics of different customer groups.

LA LEY Digital. Wolters Kluwer Spain’s LA LEY digital
builds on the recognition that individuals who are part of
a community are more motivated to provide feedback then
individuals who are not. The product incorporates a solid
understanding of customers’ daily priorities and work. LA
LEY features innovative functionalities such as:

e Semantic Expansion (including synonyms in the search
as well as recognizing concepts rather than just words)

e “Did You Mean” (recognizing typos in a search query)
e Dynamic clustering — Terms Suggestion

e Faceted queries — Metadata clustering (users can filter
results by all the metadata on the result list)

e Key Word in Context

e Dynamic summary

Some of these features, such as the Semantic Expansion as
well as the Dynamic Summary, are innovative features which
are rarely seen in any product worldwide. The feedback
on the product so far is encouraging. The number of user-
sessions has increased by 40 % in the last three months and
the time per session has also increased by about 40 %.

Bio

Rene is currently part of the European management team of
Wolters Kluwer where he is responsible for all Product éAS
and Business Development. In this role, his key responsibil-
ity is to optimize the WK portfolio for maximum growth,
meaning:

e M&A focus: Responsible for identifying acquisition op-
portunities with a good strategic portfolio

e Leading Innovation: Overall responsible for Product
Development & Product Management moving WK from
content provider to information solutions provider.

e Leading our Online and Software Businesses: WK cur-
rently owns around 30 Software Development Compa-
nies and leading Online properties across Europe

Prior to Wolters Kluwer, but after having returned to the
Netherlands in 2004, Rene was an informal investor in a
number of Internet and Software start-ups; he is still a mem-
ber of the Board in 1 of those. He was also part of the man-
agement team that led the turnaround of Tridion, a lead-
ing European Content Management- and Online Solutions
provider.

Between 1991 and 2004 Rene worked in a number of Soft-
ware companies, but spend most of his time —éAS 9 years — in
various roles across the globe for Microsoft. His last role in
Microsoft was to lead the Asia-Pacific Services & Solutions
business (1700 FTE) through a transition towards a vertical
(vs geographical) business. As part of the Telecom Solutions
practice for example (to drive triple play projects), he man-
aged a/o Microsoft’s investment of 500M$ in Korea Telecom
implementing IPTV, Video on Demand, B2B Marketplace
etc etc. In that position he also established a Global Solu-
tion Development Center in Bangalore (India) and started
a global support center in Hyderabad (1500 FTE today).
Before Microsoft Rene worked in two other software compa-
nies, establishing/growing international businesses for both
of them.

Rene prefers operating in an international environment, speaks
5 languages and has worked across multiple continents; he
lived in/worked in Asia-Pacific, North America and Eu-
rope. He is passionate about Internet, Mobility, Digital Me-
dia/Content and the convergence with telecommunication.

In his spare time he enjoys cooking, good wine and traveling,
as well as watching his two sons (6 and 7) play soccer. He
holds a degree in Business Administration.















As such, saliency is guided by the overall content of
the image, represented inherently by the C'BI factor.

The region with the highest saliency value S(R;) is selected
as attention region (AR). Subsequently, the segmented im-
age is analyzed by a number of perceptual attributes based
on the mise-en-scene principles [2].

Starting from the salient attention region (AR), a saliency
driven perceptual grouping process of segmented regions is
proposed to obtain perceptually meaningful regions that con-
sist of uniform components. The goal here, is to create a
hierarchy among the gradient watersheds, hereby preserv-
ing the topology of the initial watershed lines and extracts
homogeneous objects of a larger scale. We apply the wa-
terfall algorithm [13] for producing the nested hierarchy of
partitions.

In our implementation of the waterfall algorithm, the saliency
measure of a boundary is based on a collection of energy
functions used to characterize desired single-region proper-
ties and pair-wise region properties. The single properties
include region area, region convexity, region compactness
and color variances within the region. The pair-wise prop-
erties include color mean differences between two regions
and edge strength. The saliency of the boundary between
two neighboring regions R; and Rj;:

E(R=R;| JRj|Ri,R)) = E(R) + E(Ri,R;)  (12)

Where E(R = R;|JRj|Ri, R;) is the cost of merging the
regions R; and Rj, E(R) is the merged region property
(saliency) and E(R;, R;) the pair-wise property, respectively
defined as follows.

. i . ~
BR) = FarcalB)p— s Z Buar. (R)
(14 |Eoony (R)])*797(Beons ()
(1+ |E60mp(R)|)Sign(ECu7np(R))
E(Ri,Rj) = FEeage(Ri,Rj)Ecmpif(Ri, R;)  (13)

A detailed description of these energy functions is presented
in [6].

Using these energy functions as region merging criteria, the
saliency driven perceptual grouping process results in the
formation of Active Object of Interest (AOOI), following
the procedure described in [6].

3. RESULTS

The proposed framework for automatic active-region deter-
mination has been tested in an image sequence of the Munich
train station provided by the Institute of microtechnology,
University of Neuchatel, Switzerland. A time-window (N)
of 100 frames has been considered.

In order to assess our results, "ground truth” events have
been defined by a specialized surveillance company, high-
lighted with ellipses in Figure 3. The following events have
been defined. For the train station sequence (Figure 3), the
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Figure 3: The test sequence of Munich train station.

Activity Signal + detected Change Points
70

60 f Ly

50 |
o\ y ﬂn\\
40 | \\f\‘ / WA

30 A N /f\’ %

ALY [V Y

J \/ / v
20 J
10 J
0
0 20 40 60 80 100
frame number

Act.

Figure 4: Change Point Detection - Batch version:
Activity measure, smoothed Activity measure and
detected change points.

person dressed in red, running in the middle of the hall in
frame 50; the two tall persons appearing in the scene in the
left bottom corner in frame 60 and 80; the person walking in
the middle of the hall in frame 90; the two persons reappear-
ing from behind a pillar in the middle of the scene in frame
30; the person dressed in black, reappearing from behind the
publicity panel near the stairs in frame 90.

In the following we illustrate the framework using the train
station sequence, using both batch and incremental event
detection strategies. Active objects of interest are only de-
termined using the online (incremental) change point detec-
tion mechanism.

3.1 Change-Point Detection

For the Change-Point Detection experiments, a polynomial
(Eq. 10) of degree m = 4 has been used, and the number of
points needed for the model fitting in each segment has been
set to p = 5. To facilitate the polynomial fitting procedure,
the activity signal, as formulated in Equation 9, is smoothed
with 0 = 1.5 These values have been chosen empirically.
Figure 4 and Figure 5 show the obtained results using the
batch version.

Figure 6, and Figure 7 depict the results obtained using the
incremental version.

Comparing the results of Figure 7 and the ground truth of
Figure 3 one can notice that the proposed activity measure
and the proposed change-point detection algorithm allow
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detecting the main events in the image sequence.

3.2 Active Salient Object of Interest Determi-

nation
The proposed region-oriented visual attention based mech-
anism to determine and extract active objects of interest,
as described in Section 2.4 has been applied to the selected
quadrants in the detected key-frames, as illustrated in Fig-
ure 7. Figure 8 depicts the extracted active objects of inter-
est.

One can notice that the segmentation process produces mean-

ingful regions, following the shape of the perceptual object. 10(72-82) 11(81-84) 12(81-84)
Moreover, comparing the detected image frames (quadrants)

and the extracted active salient regions to the visually se- Figure 8: The extracted active objects of interest in
lected events (Figure 3), one can notice that the proposed ac- the detected key-frames.

tivity detection module with online event detection method
selected (a) the running person with red jacket, (b) the two
persons appearing in the scene at the left bottom, (c) the
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person near the elevator as well as (d) the two persons reap-
pearing from behind a pillar in the middle of the scene.

4. CONCLUSIONS

In this paper we addressed the problem of activity detection
in cluttered scenes. We proposed a new region-based spa-
tiotemporal attentive mechanism. The main contributions
of this work include: (i) the definition of a spatiotempo-
ral activity measure; (ii) the use of general approaches to
change-point detection, i.e. event detection that do not re-
quire training; (iii) the development of a region-based focus
of attention mechanism integrating spatiotemporal features.

Comparing the results of the proposed framework with vi-
sual event (change-point) detection by humans gives promis-
ing results.
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The authors would like to thank Dr. N. Ouerhani, from
the Institute of microtechnology, University of Neuchatel-
Switzerland, for the provided video sequence and the valu-
able discussion.

6. REFERENCES

[1] H. Cheng and Y. Sun. A hierarchical approach to
color image segmentation using homogeneity. I[EEE
Trans. on Image Processing, 9(12):2071-2082, 2000.

[2] L. Congyan, X. De, and Y. Xu. Perception-oriented
prominent region detection in video sequences.
Informatica, 29:253-260, 2005.

[3] S. Frintrop. VOCUS: A Visual Attention System for
Object Detection and Goal-directed Search. Lecture
notes in artificial intelligence (Inai), vol. 3899 / 2006,
springer berlin/heidelberg, University of Bonn, 2005.

[4] R. S. Gaborski, V. S. Vaingankar, V. S. Chaoji, and
A. M. Teredesai. A system for novelty detection in
video streams with learning. Technical report,
Laboratory for Applied Computing, Rochester
Institute of Technology, Rochester, NY, USA, 2004.

[5] T. Geerinck and H. Sahli. Region-oriented visual
attention-based activity detection. In L. Paletta and
E. Rome, editors, LNCS-LNAI Attention in Cognitive
Systems, pages 481-496. Springer-Verlag, 2007.

[6] T. Geerinck, H. Sahli, D. Henderickx, I. Vanhamel,
and V. Enescu. Modeling attention and perceptual
grouping to salient objects. In L. Paletta and
E. Rome, editors, LNCS-LNAI Attention in Cognitive
Systems, page tbp. Springer-Verlag, 2008.

[7] V. Guralnik and J. Srivastava. Event detection from
time series data. In KDD ’99: Proceedings of the fifth
ACM SIGKDD international conference on Knowledge
discovery and data mining, pages 33-42, New York,
NY, USA, 1999. ACM Press.

[8] Y. Hu, X. Xie, W.-Y. Ma, L.-T. Chia, and D. Rajan.
Salient region detection using weighted feature maps
based on the human visual attention model. In 2004
Pacific-Rim Conference on Multimedia (PCM 2004),
Tokyo Waterfront City, Japan, November 2004.

[9] L. Itti. Models of Bottom-Up and Top-Down Visual
Attention. PhD thesis, California Institute of
Technology, 2000.

18

[10] B. D. Lucas and T. Kanade. An iterative image
registration technique with an application to stereo
vision. In In Proceedings of the 7th International Joint
Conference on Artificial Intelligence, 1981.

S. K. Makrogiannis and N. G. Bourbakis. Motion
analysis with application to assistive vision
technology. In 16th IEEFE International Conference on
Tools with Artificial Intelligence (ICTAI’04), pages
344-352, 2004.

B. S. Manjunath, J.-R. Ohm, V. V. Vasudevan, and
A. Yamada. Color and texture descriptors. I[EEE
Transactions On Circuits And Systems For Video
Technology, 11(6):703-715, Jun 2001.

B. Marcotegui and S. Beucher. Fast implementation of
waterfall based on graphs. In C. Ronse, L.. Najman,
and E. Decenciere, editors, Mathematical morphology:
40 years on; proceedings of the Tth international
symposium on mathematical morphology, volume 30 of
Computational imaging and vision, pages 177186,
Fontainebleau-France, Apr 2005. Springer.

F. Meyer. An overview of morphological segmentation.
IJPRAI 15(7):1089-1118, 2001.

R. O’Callaghan and D. Bull. Combined
morphological-spectral unsupervised image
segmentation. IP, 14(1):49-62, January 2005.

K. Peker, A. Alatan, and A. Akansu. Low-level motion
activity features for semantic characterization of
video. In Multimedia and Ezpo, 2000. ICME 2000.,
volume 2, pages 801-804, New York, NY, USA, 2000.
2000 IEEE International Conference on Publication.
K. Rapantzikos and N. Tsapatsoulis. Enhancing the
robustness of skin-based face detection schemes
through a visual attention architecture. In ICIP05,
pages II: 1298-1301, 2005.

J. R. Smith and S.-F. Chang. Tools and techniques for
color image retrieval. In Storage and Retrieval for
Image and Video Databases (SPIE), pages 426-437,
1996.

A. Tentler, V. Vaingakar, R. Gaborski, and

A. Teredesai. Event detection in video sequences of
natural scenes. Technical report, Rochester Institute of
Technology, Laboratory for Applied Computing, 2002.
J. Tsotsos. Motion understanding: Task-directed
attention and representations that link perception
with action. International Journal of Computer
Vision, 45(3):265-280, 2001.

J. K. Tsotsos. Distributed saliency computations solve
the feature binding problem. In L. Paletta, J. K.
Tsotsos, E. Rome, and G. W. Humphreys, editors,
WAPCV2004: 2nd international workshop on
attention and performance in computational vision,
2004.

C. Varadharajan. A Wawvelet-Based System for Event
Detection in Online Real-time Sensor Data. PhD
thesis, Massachusetts Institute of Technology, 2004.

(19]

20]

21]

(22]



Exemelification of Parliamentary Debates

Tim Gielissen and Maarten Marx
ISLA, University of Amsterdam
Kruislaan 403 1098 SJ Amsterdam, The Netherlands
maartenmarx@uva.nl

ABSTRACT

Parliamentary debates are an interesting domain to apply
state-of-the-art information retrieval technology. Parliamen-
tary debates are highly structured transcripts of meetings of
politicians in parliament. These debates are an important
part of the cultural heritage of countries; they are often free
of copy-right; citizens often have a legal right to inspect
them; and several countries make great effort to digitize
their entire historical collection and open that up to the
general public. This provides many opportunities for the IR
community.

In this paper we analyze the structure of the parliamen-
tary proceedings and sketch a widely applicable DTD. We
show how proceedings in PDF format can be transformed
into deeply nested XML. We call this process “exemelifica-
tion”. Having the proceedings in XML makes a wide range
of applications possible. We elaborate on four of these: entry
point retrieval, advanced content and structure search; au-
tomatic creation of tables of contents and hyperlinked navi-
gation menus; large savings on storage space and bandwidth
for scanned documents.

Categories and Subject Descriptors

H.4.m [Information Systems]|: Miscellaneous; D.2 [Software]:

Software Engineering

Keywords

XML, Semi Structured Data, Democracy, Information Re-
trieval, Information Extraction

1. INTRODUCTION

Parliamentary proceedings are an interesting set of data to
apply state-of-the-art information retrieval technology. Par-
liamentary proceedings are written records of parliamentary
activities containing a wide range of document types. In this
paper we only discuss notes of meetings of parliament. As
with all meeting notes, these records have the purpose to

Permission to make digital or hard copies of all or part of this work for

store the content of the meeting. They have varying degrees
of detail. Currently in most Western democracies it is com-
mon to transcribe everything that is being said, keeping the
content, but making it grammatically correct and pleasant
to read.

We list a number of characteristics which make these doc-
uments of special interest to the IR community:

e large historical corpora; For example, in Holland all
data from 1814 will be available in 2010, at the time
of writing it is available since 1974; for the Flemish
parliament all data since 1971 is available in PDF; the
British Hansard archives have all parliamentary min-
utes since 1803 available in XML.

e documents contain a lot of consistently applied struc-
ture which is rather easy to extract and make explicit;

e transcripts of meetings might be accompanied by au-
dio and video recordings, creating interconnected mul-
timedia data [13];

e data integration issues and opportunities [8} 4} 9] both
within one country (collections from different periods,
in different formats, styles, language, ... ), and across
countries (Cross-lingual IR);

e natural corpus for content and structure queries, com-
bining keyword search with XPath navigation and se-
lection |6} [11];

e natural corpus for search tasks in which the answers
do not consist of documents: expert or people search
[1], video searclﬂ and entry point retrieval [14].

From this list, this paper treats the information extraction,
data integration and entry-point retrieval aspects. The pa-
per is organized as follows: Section 2 describes the structure
of parliamentary meetings and formalizes it in a DTD. Sec-
tion 3 describes the techniques used in the exemelification
process. We discuss four benefits of exemelified data in Sec-
tion 4 and conclude in Section 5.

A search engine containing all Dutch parliamentary data

personal or classroom use is granted without fee provided that copies arefrom 1984 till May 2008 is built and can be used at http:

not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific

permission and/or a fee.
DIR2009Enschede
Copyright 2009 ACM ...$5.00.
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//www.polidocs.nl. The corpus of over 80.000 XML files
is avaliable for research on request.

' As done in the TRECVID workshop: http://www-nlpir.
nist.gov/projects/trecvid/


http://www.polidocs.nl
http://www.polidocs.nl
http://www-nlpir.nist.gov/projects/trecvid/
http://www-nlpir.nist.gov/projects/trecvid/

2. STRUCTURE OF PARLIAMENTARY PRO-

CEEDINGS

Notes of a formal meeting with an agenda (e.g., business
meeting, council meeting, meeting of the members of a club,
etc) are full of implicit structure and contain many common
elements. The notes of meetings with a large historical tra-
dition, like parliamentary debates, are in a uniform format
which fluctuates little in time. This makes these notes very
well suited for text-mining.

Up to our knowledge there is at the time of writing no
DTD or markup language for meeting notes availabldﬂ

Transcripts of a meeting contain three main structural
elements:

the topics discussed in the meeting (the agenda);

the speeches made at the meeting: every word that is be-
ing said is recorded together with 1) the name of the
speaker, 2) her affiliation and 3) in which role or func-
tion the person was speaking;

non verbal content or actions These can be:

e list of present and absent members;

e description of actions like applause by members of
the Green Party;

e description of the outcome of a vote;

e the attribution of reference numbers to actions or
topics;

e and much more.

The analogy with the structural elements in theatrical drama
is striking: scenes, speeches and stage-directions are the the-
atrical counterparts of the three elements just listed. These
are prominent elements in the XML version of Shakespeare’s
workEl The close relation between politics and drama is an
emerging theme in political science, see e.g., [5] 3].

These elements are structured as follows:

meeting —  (topic)+

topic — (speech | stage-direction)+
speech — (p | stage-direction)+

) ——  (#PCDATA | stage-direction)*

stage-direction ——  (#PCDATA).

All elements contain metadata stored in attributes. The
British digitized debates from 1803 till 2004 are available in
XM[EI and basically have this structureEI

2The DTD of the XML versions of the British Hansard is
effectively just a container to store the text, and not suitable
as a genuine model of meeting notes.
3http://metalab.unc.edu/bosak/xml/eg/shaks200.zip
One of the referees pointed out the well-documented
DTD for drama which is part of the TEI guidelines
for text markup (http://www.tei-c.org/release/doc/
tei-pb-doc/en/html/DR.html). This DTD is a good
starting point for modelling, but for our purposes both too
general and too specific.
“http://www.hansard-archive.parliament.uk/

5The structure though is flat instead of nested as it is here,
which makes retrieval quite cumbersome. For instance, to
retrieve all text spoken by MP X we must collect all follow-
ing siblings of the member element which contains the name
X which come before the next member element. We note
that this is an example of an until-like query which is not
expressible in Core XPath 1.0 [10].
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Within the Dutch proceedings however there is an in-
termediate structural element —the block— which distin-
guishes the theater drama from the political debate. In
Dutch parliament, the debate on each topic is organized as
follows: each party may hold a speech by a member stand-
ing at the central lectern; other members may interrupt this
speech; the chairman can always interrupt everyone. Most
often, when all parties had their say at the central lectern,
a member of government answers all raised concerns while
speaking from the government table and again he or she can
be interrupted. In most cases this concludes a topic, but
variations are possible and occur (e.g., several members of
government speaking or a second round of the whole pro-
cess).

The block is an important debate-structural element be-
cause it indicates who is being attacked by the interrupters.
Thus for the Dutch situation the DTD becomes

(block)+
(speech | stage-direction)+

topic —
block —

If this block structure is not present in meeting notes, then
each topic will have exactly one block child. Thus both types
of meeting fit this DTD.

Note. For presentation purposes, the DTD presented here
is the core of the model. The DTD actually used contains
additional elements and attributes for storing all kinds of
metadata. Up till now, DTD is expressive enough for the
structure that we want to capture. But we need the possi-
bility of XML Schema to constrain data-types like dates.

Figure [1| contains a visualization of a one-topic debate
which uses the block structure and which is created with
an XSL-stylesheet from the XML. Each row stands for one
block and each vertically positioned mouth stands for one
speech. The size of the mouth is proportional to the length
of the speech measured in number of words. The speaker
on the central lectern has the red mouth, the interrupters
have a blue mouth. Interruptions by the chairman are not
shown.

We end this section with two more observations on inter-
esting structure in debates, also visible in Figure

1. Blocks consist either of one uninterrupted speech or
they have the form (red,blue)+,red, that is a se-
quence of pairs of speeches by the central speaker and
an interrupter ended by the central speaker.

2. Zooming in on a block, if A is the speaker at the lectern
and B, C,D are the ones interrupting A, then blocks very
often look like (AB)+(AC)+(AD)+A, i.e., a sequence of
small conversations with different members with A hav-
ing the last word.

Debates in the Dutch parliament are governed by a set of
written regulations and a set of unwritten codes. Both ob-
servations above are instantiations of unwritten codes. The
first of the rule that the speaker at the lectern always has
the last word. The second of the rule that a member of par-
lement can only have one block of interruptions of a member
at the central lectern. See |15| for these rules. Another rule
is that someone may only interrupt another 3 times in a
row. So according to these unwritten codes the second reg-
ular expression should be (AB){1,3}(AC){1,3}(aD){1,3}A
and none of B,C,D should be equal.


http://metalab.unc.edu/bosak/xml/eg/shaks200.zip
http://www.tei-c.org/release/doc/tei-p5-doc/en/html/ DR.html
http://www.tei-c.org/release/doc/tei-p5-doc/en/html/ DR.html
http://www.hansard-archive.parliament.uk/

Formalizations of these written and unwritten rules in
terms of regular expressions, and using these to find vio-
lations is an interesting open direction of research

This internal structure of blocks can be used to create
high-level overviews of debates which show who attacks who
and which can be used for navigation. We present an exam-
ple in Section 4.3. The regular expression which best fits or
describes a block can be obtained by the algorithm which
induces DTD’s from a set of example XML-files described
in [2].

3. EXEMELIFICATION: FROM FLAT PDF
TO DEEP XML

Figure [2| gives a good indication of the mappings created
in the exemelification process. The following technique is
used. First we extract the text from the PDF using the
open source program pdftohtmlEI with the -xml1 option. This
yields an XML file with for each line of text four coordi-
nates which indicate the bounding box of that text. Multiple
columns are detected and preserved. Some font and layout
information is preserved but not all. The XML structure is
simple and flat:

root — (page)*
page — (text)*
text ——  (#PCDATA,b,i)*

On these XML files we use patterns written as regular ex-
pressions to add special empty XML elements on places
where in the final file an XML element needs to be opened.
For instance, the O is replaced by <blockstart/>. A phrase
like

Mevrouw Swenker (VVD):
is replaced by

<speechstart speaker=’Swenker’ party=’VVD’ ... />,
with the ... containing additional information.

The result of this search and replace process is again a
well formed XML file with a similar flat structure as before.
In the last step we perform a cascade of groupings starting
with the elements which need to be most deeply nested:
the paragraphs p. XSLT 2.0 has a very useful command
for this task: xsl:for-each-group. This command, new in
XSLT 2.0, replaces the so-called Muenchian method which
was needed in version 1.0 of XSLT |7].

4. APPLICATIONS OF THE XML STRUC-
TURE

We describe four applications of the XML structure. None
of these is possible when working with the PDF data. They
are entry point retrieval and the use of permalinks, com-
plex content and structure queries, automatic creation of
tables of contents and navigation menus and finally savings
on bandwidth.

5We have found such violations with Dutch members of par-
liament who have a new debating style like Wilders and Ver-
donk.

"http://pdftohtml.sourceforge.net/
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4.1 Entry point retrieval and permalinks
The most natural answer unit in a retrieval system for
parliamentary debates is the speech. The result page after a

keyword query then will be a ranked list of items consisting
of

e the name of the speaker,

her party,

a photo of the speaker,

the date of the speech

e a relevant text snippet of the speech,

a hyperlink which points to the anchor attached to the
speech within a debate, and

e a hyperlink to the original PDF source.

This is how it works in the UK on the site http://wuw.
theyworkforyou.com, on the site of the European Parlia-
ment, and also in the retrieval engine that we built for the
Dutch data http://www.polidocs.nll see Figure 3]

Though natural, this notion of answer is by no means
standard for parliamentary retrieval systems. The search
systems of the German and Flemish parliaments return the
proceedings of one day. These can be PDF files with two
columns of up to a 100 pages. In the Netherlands, the situ-
ation is even more complex:

e proceedings before 1995 are available at http://www.
statengeneraaldigitaal.nl/. The answer unit is the
proceedings of a complete meeting;

e proceedings after 1995 are available at http://parlando.
sdu.nl/cgi/login/anonymous. The answer unit roughly
corresponds to one topic. It is indeed roughly as top-
ics almost never start at the top of a page nor finish
at the bottom of a page, and the PDF documents at
Parlando are divided into overlapping sets of pages;

e preliminary proceedings are available at http://www.
tweedekamer.nl/l Search is not really possible on this
site. Preliminary proceedings are available in HTML
which is shown together with a navigation menu which
contains the same topic—block—speech hierarchy as de-
scribed in Section 2.

During the transformation from PDF to XML we add a
unique anchor ID to every speech. This anchor together
with the number of the document given by the parliament
constitutes a unique permanent reference to each speech.

The permanent hyperlinks (permalinks) for each speech
made in parliament have many applications besides making
entry point retrieval possible. Examples are easy referenc-
ing in emails, weblogs and even scientific papers. Perma-
links also stimulate third party development of websites (like
mashups) based on this data.

4.2 Complex content and structure queries

The explicit XML structure allows one to formulate infor-
mation needs using natural XPath, XQuery, XSLT or NEXI
|6l |11] expressions. We illustrate this by some examples:


http://pdftohtml.sourceforge.net/
http://www.theyworkforyou.com
http://www.theyworkforyou.com
http://www.polidocs.nl
http://www.statengeneraaldigitaal.nl/
http://www.statengeneraaldigitaal.nl/
http://parlando.sdu.nl/cgi/login/anonymous
http://parlando.sdu.nl/cgi/login/anonymous
http://www.tweedekamer.nl/
http://www.tweedekamer.nl/

Debatstijdlijn van " Beveiliging Hirsi Ali "

Uitleg

Introductie van het debat.

De voorzitter ~ Hirsch Ballin

Halsema ™ L . I ] L._I m e TR T TR u Wy om0 R ame [ e e e D W o m ['J T

Van Haer.. Verdonk Griffith Van der .. Wilders

Dijsselbloem || —

Anker u

Van Raak

widers~{j ~ ®a)

Halsema

Figure 1: High-level visualization of the first part of the debate on the protection of Hirsi-Ali. Original avail-
able at http://www.geencommentaar.nl/parlando/index.php?action=doc&filename=HAN8183A16. The first speaker on
the lectern is Halsema who is interrupted by Van Haersma Buma, Verdonk, Griffith, Van der Staai and
Wilders, in that order. Only the first time a speaker interrupts, her name is shown.
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http://www.geencommentaar.nl/parlando/index.php?action=doc&filename=HAN8183A16
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Figure 2: Example of the mapping from the description of a debate in PDF to the version in XML. Note
how the start of a new block is indicated by a O (mapping indicated in yellow).

Uitspraak van Verhagen

Verhagen

Ik heb aangeduid waar de informatie zich op gericht heeften wat de aard van de
informatie was. Ik heb gezegd dat het geheime informatie

2003-10-23

DA

Eron (PDF)

Figure 3: Answer snippet from result list: photograph of the speaker linking to his bio, logo of his party, a

link to the official PDF source, the first 100 characters of his speech and a link to the speech.
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e give speeches about Islam from debates about immigra-
tion can be formulated as the NEXI query
//topic[about(.,immigration’)]//
speech[about(.,’islam’)].

o give all speakers who interrupted Geert Wilders during
the Islam debate can be formulated in XPath 1.0 as

//topic[@title=’islam’]//block[@speaker="Wilders’]

//speech[@speaker != ’Wilders’]/@speaker.

e give a list of these speakers together with their number
of interruptions ordered by that number is expressed
in XQuery or XSLT using the above XPath expression
and the fn:count () function.

e (Create a cross table of speakers at the lectern and their
interrupters and list the number of interruptions in
each data cel is a typical task for XSLT. The result for
the Algemene Beschouwingen on September 17 2008,
containing 624 speeches in one debate, is reproduced
in Figure [

Based on experience with bachelor information science stu-
dents we claim that it is easier to formulate such complex
queries in XSLT directly on the original XML files than to
state them in SQL on a relational representation of a debate.

4.3 Automatic creation of tables of content
and navigation menus

The notes of a one day meeting of Parliament tend to be
quite long, typically between 50 and 100 pages two column
PDF. Within the current search engine at
www.Statengeneraaldigitaal.nl these are the documents
returned to users. Unfortunately these documents do not
contain a table of contents listing the topics discussed in a
meeting. But even if such tables would be available in PDF
they would be of little help when browsing these documents
on a computer because they do not contain hyperlinks.

Since the topics are explicit elements in the XML version
of the data it is straightforward to automatically generate a
hyperlinked table of contents for each document. This can
be done with XSLT.

Even one topic can be quite long. For instance, the meet-
ing of September 18, 2008 took the whole day, consisted of
624 speeches with a total of 74068 words, all within one
topic. Fortunately the block structure can be used to break
up this large chunk of text. In fact the debate timelines in
Figure 1 are navigation menus: each mouth contains a hy-
perlink to exactly that part of the proceedings which record
the speech represented by the mouth. Again this is possible
due to the added anchors.

4.4 Savings on bandwidth

The Dutch parliamentary data from before 1995 was only
available in printed form. Within the StatenGeneraalDigi-
taal project of the Dutch Royal Library this data is scanned
and OCR-ed, resulting in complex PDF documents consist-
ing of facsimile images of every page, the OCR-ed text and
a mapping from each word to its position on every pageﬂ

Such files can be enormous in size. For instance, the pro-

ceedings onhttp://resolver.kb.nl/resolve?urn=sgd:mpeg21:

5See http://wuw.statengeneraaldigitaal.nl/
backgrounds.html for extensive information on the
digitization process (in Dutch).
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19851986:0000761 are 72 pages PDF. The size of this file
is 24 Megabyte. The same proceedings in XML is less than
.bMb. We experimented with reducing the size with gzip:
the PDF became 23Mb and the XML was reduced to 156Kb.
This is 0.65% of the size of the original PDF.

Preliminary experiments show that using XSLT and La-
TeX the original format of the proceedings can be produced
with very good layout accuracy and very fast. The result-
ing PDF is again less than .5Mb. Producing this PDF
from the gzipped XML can even be done at query time:
on a standard Linux box this process took less than 1.5
seconds real time. For detailed information on this experi-
ment see http://ilps.science.uva.nl/PoliticalMashup/
2008/10/trading-space-for-time.

Thus large savings in bandwidth and storage space be-
come possible. We must note that the XML version is based
on OCR-ed data and contains quite a few OCR errors. Of
course these come back in the PDF created from the XML
source. Repairing such mistakes automatically has been
done with promising accuracy by Martin Reyneart using his
TICL technique [12].

We believe that the facsimiles need to be available as the
ultimate source but that in a search and browse interac-
tion process with the data the alternative, much smaller,
version based on the XML is preferable. Users get results
faster, they get clean hyperlinked files, and they use much
less bandwidth. Once a user knows exactly which document
she wants to consult, the large facsimile PDF can be down-
loaded.

5. CONCLUSIONS

We have shown that text extraction from Parliamentary
proceedings based on regular expressions and XSLT is feasi-
ble, scalable, possible on both digital and scanned data, and
leads to numerous benefits.

We stress that this extraction process is transparent, re-
peatable and independent of any software or hardware be-
cause we only use declarative programming languages with
a well described semantics. This means that when the ex-
traction scripts (which are themselves XML files, since it
is XSLT) together with a copy of the XSLT reference [7]
are stored together with the original digitized data in a safe
place, it is in principle always possible to recreate the XML
versions we have described here.

Several parliaments are digitizing their complete historical
data. We are aware of efforts in the UK, Ireland, Australia,
and the Flemish Parliament. Our DTD is general enough
to fit all these proceedings. This opens the possibility of
creating a huge integrated multi-lingual XML repository of
parliamentary proceedings. Such a repository will facilitate
comparative parliamentary (historical) research.
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Figure 4: Who attacks who in the debate Algemene Beschouwingen on September 17 2008. Speakers at the
lectern are listed in the first column; their attackers on the top row. The numbers in the cel indicate how
often the person on the x-axis interrupted the speech by the person on the y-axis. The numbers on the
diagonal (in gray) are the number of answers to interruptions given by the speaker on the lectern. Source:
http://staff.science.uva.nl/"marx/politicalmashup/AB2008/DebatstructuurAB2008.html.
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ABSTRACT

As part of the long-term EUREGIO MRSA-net project a
system was developed which enables health care workers and
the general public to quickly find answers to their questions
regarding the MRSA pathogen. This paper focuses on how
these questions can be answered using Information Retrieval
(IR) and Natural Language Processing (NLP) techniques on
a Frequently-Asked-Questions-style (FAQ) database.
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1. INTRODUCTION

Methicillin-Resistant Staphylococcus aureus (MRSA) is a
strain of pathogens that is resistant to common antibiotics
and is therefore hard to combat. It forms a significant threat
to people with a weakened immune system.

The MRSA web-portal was developed to provide informa-
tion to health care workers and the general public regarding
MRSA. It is actively used by several Dutch and German
hospitals and also publically accessible!. This research has
been conducted to support this portal.

The underlying databases consist of a set of reference
questions that have been collected by a field investigation
and answers to these questions written by expert micro-
biologists [22]. The web-interface enables users to browse
through the questions categorically and has a search textfield
in which users can enter a query. This research focuses on
providing the underlying functionality for this textfield as a
component named the MRSA-QA system.

The system utilises four domain-bound question-answer
sets: Dutch/Professional, Dutch/Public, German/Professio-
nal, and German/Public. The two sets tailored for the pro-
fessional domain each consist of about 160 pairs whereas the
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two sets geared towards the general public consist of approx-
imately 220 pairs. The questions can be viewed as perfect
indices to the answers resembling the set-up of a FAQ [5].

The domain of MRSA-QA is clearly demarcated and can
be classified as a Restricted Domain Question Answering
(RDQA) system [7]. The underlying database is explicitly
structured. The answers consist of several fields: a title,
short guideline, instruction video, long comments section,
sources, examples and additional keywords. Semantic in-
formation is represented via links in the database implicitly
such as categorisation, connections between questions and
answers, and links between answers and other relevant an-
swers. The system should be able to adjust to new data,
since the database can change and grow over time.

The problem can be stated as: given a query in the form of
a question or a set of keywords, the system has to display a
list of appropriate answers ranked by relevance in descend-
ing order. Based on this problem statement the research
question can be phrased as follows:

‘How can the user be provided with the most appropriate
answer(s) for his or her query within the restricted MRSA
domain given the available structured MRSA corpus?’

This paper focuses on answering that question by looking
at and evaluating a range of techniques using the contents of
the MRSA corpus. While the results are corpus specific, the
methods used are generic and likely to be useful for other
RDQA systems.

2. DATA

Separate datasets exist for each domain (Professional and
Public) and language (Dutch and German) combination. So,
there are four in total. All of these are stored in databases
exhibiting the same structure, shown in Figure 1.

Starting at the top: the categories table clusters related
questions for example all questions that have something to
do with treatment or discharge. Each question can belong
to one or more categories and points to one answer in the
database. Answers can be pointed to by one or more ques-
tions and each answer may point to other related answers
thereby establishing semantic links.

The answers contain the most information that can be
exploited for indexing and matching in the form of fields.
The title field of the answer is usually a reformulation of
a related question. The guideline and comment fields are
the most relevant for matching, since they contain the most
free-form text with content that actually answers a question.
Sources and examples are less relevant fields. Both of them
contain mostly links to external documents with more clari-
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Question_Category

c-QC
¥ ID: SMALLINT 9
Description: VARCHAR(255)

§ Question_ID: INTEGER (FK)
§ Category_ID: SMALLINT (FK)
§ Question_Answer_ID: INTEGER (FK)

A category can contain multiple questions
and each question can belong to multiple categories

¥ ID: INTEGER
Title: VARCHAR (255)
Guideline: TEXT
Comments: TEXT
Sources: TEXT
Examples: TEXT
Keywords: TEXT
Video: VARCHAR (255)

§ ID: INTEGER
¥ Answer_ID: INTEGER (FK)
Text: VARCHAR (255)

Multiple Questions can be linked to the same Answer

Answers contain links to other relevant Answers

Answer_Answers

§ Answer: INTEGER
¥ Answer_ID: INTEGER (FK)

Figure 1: Structure of an MRSA database (diamonds represent
one-to-many (black/white) and many-to-many (white) relations).

fication and are of use only when a relevant answer is being
displayed. The keywords field contains a list of non-obvious
keywords related to this answer and as such conveys addi-
tional semantics. The instruction video refers to non-text
data. Hence, it will not be considered further.

Based on the data characteristics, we define a document
within the MRSA-QA system as follows:

‘A document consists of the title, guideline, comment and
keywords of an answer plus the texts of all questions that
refer to the answer.’

3. TECHNIQUES

Three categories of techniques can be distinguished: pre-
processing techniques affecting the indexing and matching
process, the ranking techniques and post-processing tech-
niques which also affect the ranking process, but do not
require any additional operations while indexing. The per-
formance of six pre-processing techniques, two ranking tech-
niques and three post-processing techniques was investigated.
This section briefly explains each of the techniques.

3.1 Pre-Processing Techniques

McNamee & Mayfield and others report increases in match-
ing performance using character n-gramming. In this tech-
nique a window of n characters is slid across a document.
A snapshot is made of the characters that are visible in
each position and used as index. There are two different ap-
proaches: n-gram each word in the text individually, called
within-word character n-gramming, or also slide across the
word boundaries in the text, called between-word charac-
ter n-gramming. We chose for the latter approach, since it
properly captures inter-word relations [8, 12].

The example presented in Table 1 provides some intuition
for n-gramming. The value for n that was used is four. First
the input document is padded with n—1 spaces on both sides
(so all character sequences are properly captured). After this
a window of length four is slid across the padded input text
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Table 1: Character n-gramming (spaces shown as underscores).

Padded Input: -~ _ _the_fox____
___t __th _the the_ he_f
e_fo _fox fox_ ox__ x___

and all snapshots are recorded as shown in Table 1.

This process is applied to all documents in the corpus
while indexing and on the query as well. The index thus
becomes huge, since there are £k —n + 1 n-grams for a doc-
ument with k characters. Padding adds another constant
2+ (n—1) to this. This is the primary argument against
using n-grams, since such large indices adversely affect per-
formance. For this method a value for n of five was used for
both Dutch and German languages. We will show later why
this is an optimal choice. Note that we use the n-grams as
replacement of the original words they were derived from.

Word n-gramming bears much resemblance to character
n-gramming. Here instead of regarding characters as the
most atomic unit, words are used. While word n-gramming
also leads to a larger indexing table with respect to bag-of-
words indexing, the size increment is clearly not as big as
with character n-grams. A value of n of two was determined
to be the most optimal by experiment [8].

Decompounding is the process where a compound word is
taken and broken into its individual components. A com-
pound word consists of two or more words that can also be
used individually. These are glued together in the compound
to form a new or related meaning. Both Dutch and German
are languages in which compounding is common. Two dif-
ferent approaches have been tested. One that breaks com-
pounded words in the shortest possible units (Decompound-
ing S) and one that breaks them into the longest possible
units (Decompounding L). Wordlists were used that were
available for both the Dutch and German language. These
are wordlists that are installed by default on modern UNIX
systems; respectively wdutch that follows the 1996 Dutch
spelling and wngerman that follows the 1998 German new
orthography spelling. The decompounding engine adds the
component parts of decompounded words to the index for
each document. The same is done at query-time [3, 6].

Words can also be reduced to their stem form. This proce-
dure removes inflection from words, as in changing ‘walking’
to ‘walk’. It also transforms derivatives to their root, as in
stemming ‘national’ to ‘nation’. For finding the stem of a
word the Porter stemmer was chosen. Both the unstemmed
word form and the stemmed variant are added to the index
and the query [1, 8, 14].

Remember that the documents are constructed based on
several fields. These are: title, guideline, comments, key-
words and the texts of the referring questions. While nor-
mally these fields are simply combined into one document,
field weighting uses a different approach and assigns a weight
to each individual field. For example: when a keyword in a
query is found in a document title it has a bigger influence
on the final document rank than when the same keyword
appears in the comment section of that document. We call
this field weighting. Suitable weights were determined by
experiment. Weight pre-multiplication was done during the
indexing phase. This method does not require extra calcu-
lations during query execution and ranking time.



Table 2: Categorical clustering.

Rank 1 2 3 4 5 6 7 8 9 10
Document a b ¢ d e f g h j k
Category 2 2 2 2 5 4 3 7 6 2

Finally, word relation expansion considers all words in a
document and all words in a query and finds synonyms for
each of them. Of course those synonyms also in turn have
synonyms, but only one level of depth is used. All that is
done is adding extra synonym words at the end of each docu-
ment and at the end of a query as well. Those synonyms are
extracted from EuroWordNet. Note that the German Word-
Net is only about one third the size of the Dutch WordNet.
This somewhat impairs performance for German [10, 23].

3.2 Ranking Techniques

For the basic ranking process initially mostly tried and
tested techniques were chosen like term frequency / inverse
document frequency (tf -idf) combined with the vector-space
model (vsm). We later experimented with Okapi Best Match
25 (BM25). We chose for these techniques since they are
well understood and provide a solid foundation for a pro-
duction system [16, 17, 18, 20].

3.3 Post-Processing Techniques

One of the interesting properties of the database is that
all questions are categorised. Implicitly each answer can
also belong to several categories, since an answer can be
referred to by one or more questions. Thus, each document
belongs to one or more categories. This characteristic can
be exploited. The idea behind this approach is to look at
the representation of the categories within the result list
after executing a query. Imagine that there is a list with ten
results with categories as displayed in Table 2. The first four
documents and the tenth document belong to category two
(the simplifying assumption that each document belongs to
only one category is made).

Since category two is so strongly represented in the result
set, document k that is now in position ten might actu-
ally better be in position five. This intuition is precisely
what categorical clustering tries to capture. If a category is
strongly represented in the result list, with respect to the en-
tire dataset, the documents that also fall in that category are
pushed up. To achieve this first the representation strength
of each category is determined based on the entire database.
The formula is similar to idf, but applied to category counts:

. #D
9= g o e Dy M
where D is the set of all documents in the entire database
and their category. Finally, recalculating the scores is done
as follows:

scoreg (d) = score (d) - Z icf (c) (2)

ceCy
where score (d) is the original strength of document d and
Cy is the set of all categories document d belongs to.
Besides categories, the MRSA corpus also contains links
between answers. Each document contains a list of refer-
ences to other documents that might also be relevant. To
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Table 3: Referential clustering.

Rank  Weight Reference
1 10 — 6
2 8 — 6
3 6 — 6
4 4 — 7
5 2 — 8
6 1 — 9

exploit this, we take the same approach as with categori-
cal clustering: first a query is executed as usual and then
the result list is examined and re-ranked. The references
to other documents in the top N documents in the result
list are collected. After that all documents in the list are
reweighted based on the frequency in which they appear in
this collection of referred documents.

Let us look at the example in Table 3 which shows a re-
sult list consisting of six items. The sixth item with weight
one falls just outside of the top five. Notice that document
one, two and three all carry a reference to document number
six, this is called a referential cluster. Reweighting proceeds
by simply multiplying the score of document six by three
which yields 1-3 = 3. Hence, the document in position
five with score two is pushed down in the result list and re-
placed by the document in position six. Hence, a document
in the result list which is indicated to be relevant by the top
of the list has been pushed up. Of course, only the top N
documents should have influence on pushing up other docu-
ments. A value of N of 5 was determined by experiment. In
addition to this the frequency of appearance in the referring
document list is dampened by the log function which results
in more conservative multiplication behaviour (this is not
applied in the example).

To formalise we first calculcate the frequency of appear-
ance of a document d within the references:

frequency (d) = #{r | (r,d) € Rs} 3)

where Rs is the partial rank list consisting of the first five
ranks r and their reference(s) d. Rs can actually contain
more than five pairs in case of multiple references at the
same rank.

The actual reweighting now proceeds as follows:

scoreg (d) = score (d) - f (frequency (d)) (4)

where score (d) is the original weight of document d and f
is a monotonous function. We used the non-linear: f(z) =
log, (max (z + 1,2))). The formula ensures that only doc-
uments that are referred to multiple times can affect the
ranking. Rescoring is performed over the entire ranked list.

Latent Semantic Indexing (LSI) is a dimensionality re-
duction method capable of finding semantic relations. Un-
fortunately it increases recall and tends to decrease precision
which is the opposite of what is desirable for the MRSA-QA
system. It is also of less use when the corpus is homogeneous
and is computationally expensive. A cheaper method with
similar capabilities is blind relevance feedback. Each docu-
ment in a result set contains many more words than only the
words in the query. This can be exploited by adding the top
M most frequently occurring terms in the top N documents



in the ranked list to the original query and re-executing the
search with this newly expanded query. So, each time a
query is posed to the system two passes are made: one to
determine the initial ranked result list and extract the top
terms, and then another with the expanded query. For the
number of documents N a value of at most® three was cho-
sen for selecting the M top terms. The value of M was set
to five. An extra constraint was added so only terms of at
least length four are used. This is to avoid selecting smaller
non content-words, such as articles [11, 12].

4. EVALUATION
4.1 Sets & Metrics

For evaluation purposes several sets of queries were cre-
ated by hand. Every set has the following characteristics:
For each query the most relevant document is indicated. For
each document in each of the databases there is at most one
query in a single set, but there may also be no query. Nev-
ertheless, most sets contain queries for nearly all answers in
the associated database. The difference between the eval-
uation sets is in the word usage in the queries: each set
contains a different ‘wording’ which attempts to retrieve the
same answer. An example:

EXAMPLE 1. Ways to retrieve document number 64, in
the evaluation set, concerning ‘how many times someone can
acquire MRSA’ (English translations shown in upright font).

hoeveel keer MRSA
how many times MRSA

risicofactoren infecties
risk factors infections

hoe is het mogelijk om vaker MRSA te krijgen?
how is it possible to acquire MRSA multiple times?

hoe groot is de kans dat infectie vaker optreedt?
how big is the chance that the infection re-occurs?

The first two queries shown are keyword queries, while the
last two are question queries. For the final evaluations eight
sets for each domain / language combination were used, four
with keyword-based queries and four with question-based
queries. Note that not all sets cover all documents in the
database. They were weighted respective to their size for
computations involving averages and deviations. All com-
bined over 6000 queries were executed for every evaluation
run. The assumption is made that the queries in the sets are
somewhat representative of the queries posed by ‘real’ users
of the system. It is difficult to give any guarantees regard-
ing this, especially since the evaluation sets are based on the
answers that are present in the databases (they are based on
the answers that the system should be able to provide). Real
end-users might come up with radically different phrasings.
Also, closed domain systems are usually faced with longer
queries on average than open domain systems. Usually the
average query length is about five terms per query. This
trait is also present in the evaluation query sets, which gives
a positive indication of their representativity [13].

When a query is executed the system generates a list of
documents that are sorted according to their presumed rel-
evance. For measuring how well the system performs it is
necessary to define what is considered to be a good list of

2Depends on the size of the result list.
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returned documents. Note that for any single query that is
executed three types of document may be returned: zero or
one most relevant document, zero or more other documents
that are partially relevant and zero or more irrelevant docu-
ments. Armed with these concepts the definition of what the
system should do is: The most relevant document should be
at position 1 in the list. All other n partially relevant doc-
uments should populate position 2 up to n + 1. In the
evaluation sets the most relevant document is indicated ex-
plicitly and the partially relevant documents are those that
the most relevant document refers to.

For expressing the position of the most relevant document
the Mean Reciprocal Rank (MRR) was used. Mean Av-
erage Precision (MAP) and Mean R-Precision (MRP) are
used for measuring the presence of other relevant documents.
They measure precision and recall, but are in fact highly
correlated as they both estimate the area under the recall-
precision curve. Hence, they should show similar results
during evaluation. A non-rank related performance measure
was also used, namely the time it takes for a single query
to execute. Significance testing was performed using one-
tailed paired unequal variance t-tests. We recognise that
these tests make assumptions about the shape of the data
which might not necessarily hold, but we believe that the
resulting alpha values can still be compared [2, 4, 13].

4.2 Baseline

From here on forward an implementation of a technique
will be referred to as an engine. The theoretical techniques
as explained in this paper provide the blueprints for these
practical implementations.

For evaluating the effectiveness of the techniques described
previously, we need some sort of baseline to compare against.
Six candidate baseline engines were developed. All of these
engines use a basic bag-of-words approach. The difference is
in the weighting method that is used. Note that as part of
standard pre-processing all documents are stripped of any
mark-up tags they may have. Also, words are lowercased
and stripped of diacritical marks. Words consisting of only
one character, or that do not include alphanumeric charac-
ters, are ignored. If a query is entered the documents in
which at least one of the words in the query appears, which
is determined by looking at the index, become part of the
resulting set of documents. After this the frequencies of the
words are used to assign a score to each document and turn
the set of selected documents into a ranked list.

Roughly there are two approaches that have been evalu-
ated. The first works by treating both query and documents
as vectors also known as the wvector-space model. There are
three such vector-based baseline engines: Vector, Vector Log
and Vector Normalised Log. The idea behind all of them is
the same. They differ only in the variants of the function
that they apply. All of them performed quite poorly in com-
parison with the other methods that were tried [11, 18].

The other approach is conceptually simpler and works by
summing the scores of each document on each individual
query term. Three variants of this were also tried, namely
Additive, Additive Log and a self-developed approach. Sta-
tistical tests were performed to determine which of the six
engines performed best. Based on the MRR the Additive
and self-developed variants scored best. While the latter is
faster than the normal additive method it was not chosen
since it was not tested outside the MRSA corpus.



Two variants of the Additive approach were used, one em-
ploying the basic tf -idf formula (shown in equation 5 where
d is a document and wy, is a query term) and the other (at
a later stage) employing Okapi BM25 [15, 16].

n

score (d) = Z tf (d, wr) - idf (wr)

k=1

()

4.3 Individual techniques

First, we need to select techniques based on their per-
formance increment over the baseline. We report the aver-
age performance and deviation over four keyword evaluation
sets and four question evaluation sets. The numbers in the
tables shown are for the Dutch professional database us-
ing t¢f - idf scoring. Colours (shades) and arrows are used
to indicate performance increment a (green) or decrement

v (salmon) over the baseline (blue) . All numbers are rounded,
so even if a performance number seems exactly the same as
the baseline, it may still differ to the right of the last rounded
digit. For the referential clustering engine the same data is
used as for calculating the MAP and MRP scores which
makes the increase in these values optimistic for this engine.
Hence, those fields have been coloured | A¥ (pink) in the var-
ious tables.

Table 4 shows that character n-gramming, decompound-
ing and stemming positively affect the MRR. A similar pat-
tern exists for the MAP and MRP shown in Table 5, but
in contrast with the MRR the blind query expansion shows
quite some improvement over the baseline here. Categori-
cal clustering and word n-gramming decrease performance.
Word relation expansion is fairly neutral and yields no con-
vincing performance advantage. We believe this is due to
the domain specific corpus and WordNet’s generality [21].

Of course, besides the Dutch professional keyword sets
there are also three other keyword evaluation sets. We de-
scribe performance of those sets in terms of differences with
the tables:

€ German/professional: Baseline keyword performance
is quite a bit worse than for Dutch (MRR -0.06, MAP
-0.05). The same holds for the question sets (MRR
-0.08, MAP -0.05). The results show relatively similar
performance patterns. However, German language ap-
pears to benefit more from both character n-gramming
and stemming than Dutch, which is in line with find-
ings of others [3, 8].

@ Dutch/public: The overall performance is worse (MRR
-0.10, MAP -0.01). Field weighting shows a slight per-
formance increase which is the only exception with re-
gard to the trends in performance on the Dutch pro-
fessional dataset.

@ German/public: Interestingly baseline performance on
keywords is actually comparable to the Dutch profes-
sional dataset (MRR -0.01, MAP +0.03). Patterns
are again similar, the exception being query expansion
which performs a bit worse (MRR -0.02).

Performance on the Dutch question sets is shown in Table
6 and Table 7. Notice that the baseline performance on
questions is much better than on keywords. This is probably
caused in part by the inclusion of question-words (why, who,
where, etcetera) in the question based queries.
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Table 4: Keywords: Reciprocal Rank & Timings (sec).

RR Time x1073
Engine m o m o
Baseline 0.51 0.40 7.1 5.5
Categorical clustering 0.44Y  0.39% 10.0¥  8.4Y
Character n-gramming  0.54* 0.38" 25.4%  11.3Y
Decompounding large 0.52% 0.39% 9.6V 6.0V
Decompounding small 0.55% 0.38% 13.0Y 7.0V
Field weighting 0.49Y  0.40Y 747 6.8Y
Query expansion 0.47"  0.39% 20.1V 64"
Referential clustering 0.51Y 0.39% 72"  5.2°
Stemming 0.52% 0.39% 7.9Y 5.57
Word n-gramming 0.32Y 0.417 5.6% 5.0%
Word relation expansion 0.48"  0.40% 9.7 6.9

Table 5: Keywords: Average Precision & R-Precision.

AP RP

Engine o o o o

Baseline 0.28 0.20 0.29 0.20

Categorical clustering 0.26Y  0.20% 0.27"  0.21Y
Character n-gramming 0.32%  0.19° 0.30% 0.19°
Decompounding large 0.31*  0.20" 0.31*  0.20%
Decompounding small 0.33° 0.20* 0.314 0.20*
Field weighting 0.29Y 0.21Y 0.29° 0.21Y
Query expansion 0.32% 0.21Y 0.30° 0.22Y
Referential clustering 0.33* 0.23" 0.33* 0.23"
Stemming 0.29°  0.20" 0.30% 0.20°
Word n-gramming 0.15¥  0.20% 0.16Y 0.20%
Word relation expansion 0.29*  0.20" 0.28"  0.20%

Positive increments are visible for character n-gramming,
small decompounding and field weighting across all the met-
rics. Again, the performance differences on the other ques-
tion evaluation datasets:

® German/professional: Similar performance as on key-
words, baseline question performance is worse (MRR
-0.06, MAP -0.05). Although the increase caused by
stemming and character n-gramming is higher.

® Dutch/public: Shows a reduction in baseline perfor-
mance (MRR -0.19, MAP -0.06). Relative to this char-
acter n-gramming yields a slightly higher improvement
(MRR +0.05, MAP +0.04).

€ German/public: Baseline performance is quite poor
(MRR -0.22, MAP -0.09). The overall relative pat-
terns are the same, but character n-gramming shows
a slightly higher performance gain on par with Dutch
public dataset.

The final choice is based on the significance of difference
between MRR and MAP « values. Only methods that had
at least one significant positive effect and no negative effect
with respect to baseline on the professional dataset for both
of these metrics and for both languages were selected. The
final selection of five of the ten techniques is: character n-
gramming, decompounding small, field weighting, referential
clustering and stemming.



Table 6: Questions: Reciprocal Rank & Timings (sec).

RR Time x1072
Engine m o m o
Baseline 0.60  0.39 17.2 7.9
Categorical clustering 0.47  0.41Y 23.47  10.2Y
Character n-gramming  0.63* 0.37% 61.4" 2867
Decompounding large 0.59Y 0.39% 30.0Y 13.8Y
Decompounding small 0.614 0.38% 36.0Y 16.2Y
Field weighting 0.614 0.40 41.1V  21.5Y
Query expansion 0.55Y 0.38% 40.1¥  13.3Y
Referential clustering 0.58Y 0.38% 17.2% 7.8%
Stemming 0.60Y  0.39° 19.5Y 9.0V
Word n-gramming 0.51Y  0.41Y 8.3% 5.9%
Word relation expansion  0.49"  0.40" 46.9¥  28.0Y

Table 7: Questions: Average Precision & R-Precision.

AP RP

Engine I o o o

Baseline 0.34 0.20 0.33 0.20

Categorical clustering 0.28" 0.21Y 0.26" 0.22"
Character n-gramming 0.36* 0.20° 0.34%  0.19°
Decompounding large 0.34" 0.20" 0.33V 0.21Y
Decompounding small 0.35% 0.20* 0.33> 0.20*
Field weighting 0.35%  0.20° 0.33% 0.217
Query expansion 0.36 0.21Y 0.33> 0.21Y
Referential clustering 0.44* 0.25" 0.41* 0.24"
Stemming 0.34Y  0.20° 0.33%  0.20°
Word n-gramming 0.25"  0.20% 0.26¥ 0.19%
Word relation expansion 0.29"  0.19 0.27"  0.20

4.4 Optimal value of n

A value of five was chosen for character n-gramming. This
choice was initially based on the average length of the words
in the professional Dutch and German datasets. Since char-
acter m-gramming is quite a fundamental difference with
normal bag-of-words indexing, it is important to show that
this is also the beste value for n. We tested several values
of n for both the Dutch and German professional datasets.
These tests were conducted on top of the additive tf - idf
baseline that was chosen earlier.

Figure 2 shows how the value of n, ranging from two
to eight, affects the MRR and MAP. For keyword queries
4-grams are slightly more optimal for Dutch with respect
to 5-grams according to the MRR. Nevertheless, for Ger-
man keyword queries this makes no difference. For question
queries the picture is a bit different: the optimal value of
n appears to be six for Dutch, while for German the per-
formance tops-off after an n of five. A similar trend can be
seen for the other measures. The differences however are not
very large. Based on the trend-line the optimal value of n is
four or five. This is the same finding as McNamee & May-
field who show that these values give optimal performance
for most European languages [8, 12].

An other measure is the retrieval time. Due to their
length, this is significantly longer for question-based queries
than for keyword-based ones. The lower the value of n, the
larger the inverted index. Hence, higher values of n are pre-
ferred simply because of their retrieval speed advantage. But
the speed difference between subsequent values of n becomes
smaller as n increases: for 7 and 8-grams the difference is
minimal. Choosing between 4 and 5-grams, based on speed

31

MRR QU NL ——
KW N
09 MAP QU NL —*— _|

08 MAP QU DE —e— |

0.7

0.6

05

MRR, MAP score

03 — — —

0.2

0.1

Value of nin n-gram

Figure 2: MRR and MAP scores for m-grams on professional
keyword (KW) and question (QU) evaluation sets for Dutch (NL)
and German (DE).

alone, 5-grams are preferred. McNamee & Mayfield report a
tenfold speed penalty when using n-grams, but in our tests
5-grams are ‘only’ four times slower than the baseline ap-
proach. This confirms their own suspicions regarding the
fact that the increase in processing time while using n-grams
is an artefact of their implementation [12].

We eventually settled on a value for n of five, since it
only slightly degrades performance on the Dutch MRR for
keyword-based queries and has a mild positive effect for all
question-based queries. 5-grams also have a speed perfor-
mance advantage over 4-grams (~ 25% for question queries
and ~ 15% for keyword queries). It is safe to confirm Mc-
Namee & Mayfield’s conclusion that higher values of n are
beneficial for time-wise performance. It can be generally
stated that: ‘For n-grams and n-+1-grams, the n+1-grams
are preferred speed-wise when there exists no significant dif-
ference in ranking performance between the n-grams and
n+1-grams’.

4.5 Combined techniques

Knowing the performance of individual techniques, we
can combine them to improve performance. Abbreviations
are used for the five previously selected techniques in this
section: (C)haracter n-gramming, (D)ecompounding Small,
(F)ield weighting, (R)eferential Clustering and (S)temming.

As can be seen in Table 8 and Table 9, combining charac-
ter n-gramming with field weighting yields poor results for
the Dutch MRR’s. Hence, field weighting was dropped. The
next combination that was tried was character n-gramming
plus stemming, this does show improvement, especially for
keyword based queries. After this small word decompound-
ing was stacked on n-gramming and stemming. While this
does not degrade retrieval performance overall, it does not
increase it either. As a downside decompounding adds quite
some overhead to the processing time (factor 1.5) and (not
visible in the tables here) also adds significant processing
time while indexing. Based on this and the lack of any
significant performance increase, small decompounding was
dropped. The last addition that was made is that of refer-
ential clustering. This does not really affect the MRR, but





