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Abstract

Comparing and evaluating the performance of concept based retrieval schemes
is notoriously difficult and of increasing practical importance. To aid the evalu-
ation process we developed a visualization tool which puts particular emphasis
on the comparison of single queries. This tool directly visualizes a generic the-
oretical model for concept based retrieval schemes. In this paper we derive the
graphical user interface from the model and present the design of the implemen-
tation. A notable feature of the implementation is its extensibility with regard
to additional concept based retrieval schemes.
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Chapter 1

Introduction

A standard problem in computer science is the so called retrieval problem: How
to search for a set of relevant documents given a query (that is a set of terms).
Most of the time one is not actually interested in all relevant documents but
just the “most relevant” document(s). Therefore the result should also include
a number denoting its relevance. Which can then be used to sort the resulting
set. This resulting sequence is also known as a ranking.

The most obvious approach to generate such a ranking is just to search for
documents containing the terms mentioned in the query. The relevance of a
document is then directly proportional to the number of query terms which are
actually contained in the document.

This can be implemented very easily by an index, denoting which documents
a term is contained in. Unfortunately this approach cannot cope with two
phenomenons, which occur very often in natural language:

e Polysems, that is words which have more than one meaning. For instance
the word trunk has several meanings: a suitcase, the trunk of an elephant,
the torso as well as a bole.

e Synonyms, that is several words which have the same meaning. For ex-
ample the words: performer, entertainer, artist and player can all be used
to denote the concept of an actor.

These phenomenons can have a severe impact on the performance of a a retrieval
algorithm. The users of such an algorithm are normally not interested in specific
words but in their meaning. But as seen above a word might actually have
several meanings and their might also be several words for the same meaning.
Therefore we need a way to identify or at least guess / approximate the meaning
of both queries and documents.
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2 CHAPTER 1. INTRODUCTION

One popular class of algorithms used to solve this problem are the so called
concept based retrieval schemes. They introduce a new way to describe docu-
ments, in which documents are no longer described by the terms they contain,
but rather by the concepts they belong to.

In general these algorithms consist of two phases. In the first phase the concepts
contained in the corpus (the set of known documents) are identified. Intuitively
a concept can be understood as a topic common to several documents in the
corpus. The documents are then recast into a so called concept space repre-
sentation. In the common term space representation a document is equal to
its terms — each term weighted by its number of occurrences. In concept space
each document is equal to the concepts “contained” in it, each concept weighted
according to its relevance. Thereby we have now created a fuzzy clustering of
the documents into their concepts. Note that these algorithms perform unsu-
pervised clustering, in particular they do not need a labeled corpus.

In the second (query) phase the query is cast into concept space as well. The
ranking can then be created by a simple comparison in concept space of the
“query document” with all other documents.

Typically the performance of a retrieval scheme is measured by comparing the
results of several queries with predetermined optimal results. The resulting av-
erage performance gives a good hint on the overall performance of an algorithm.
But to understand why an algorithm performs well (or not) for certain queries
it is necessary to actually look at the result of the query itself and compare it
to the results of other algorithms on the same query. Ideally one would be able
to compare the query and its results in term as well as in concept space.

Structure of the paper

First we will give a short overview of the results of our work. Then we will
present the graphical user interface (GUI) we developed. We will talk about the
individual components of the GUI and how they are used. After that we will go
into technical details. Especially we will motivate what algorithmic parts were
sourced out from from the GUI for which reasons. Finally we will talk about
the actual implementation of all tools belonging to the ALWIS suite.
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Chapter 2

Results

Therefore we developed a visualization tool which allows us to compare differ-
ent concept based retrieval schemes. Unlike previous attempts we turned our
attention on comparing the results of a single, specific query on several different
clusterings of the same corpus directly.

The notion of a concept is made explicit in our visualization tool. Therefore
we can display an approximation of the concept space introduced by a concept
based retrieval scheme in our visualization tool.

In preparation of our visualization tool we introduced the following theoretical
foundations:

e We developed a generic model which unifies the different concept based
retrieval schemes. Furthermore we generalized queries. Thereby we allow
nine kinds of queries instead of only the classic one which retrieves the
most relevant documents for a set of terms.

e We showed how to map concept based retrieval schemes into our generic
model. We provide mappings for LSI, PLST and NMF. Similar algorithms
can easily be mapped in an analogous way.

e By the example of Spectral Clustering we showed that it is even possi-
ble to use plain clustering algorithms — which do not allow querying by
themselves — for information retrieval.

We developed a suite of applications which is called ALwis. As mentioned before
concept based retrieval schemes are two phased algorithms. Our visualization
tool naturally only visualizes the query phase. Nevertheless we also provided
all necessary tools needed in the first phase. In particular we provide tools to
prepare a corpus. All in all it consists of the following components:
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4 CHAPTER 2. RESULTS

e We provide five tools for corpus processing. This includes e.g. document
filtering and stemming. Stream processing via Unix pipes is supported
where appropriate. Altogether these tools consist of roughly 1900 lines of
code.

e Three tools for calculating models on the basis of corpora are provided as
well — for LSI, PLST and Spectral Clustering. In total there are roughly
3100 lines of code for this tools.

e Query visualization is done in an intuitive graphical user interface which
allows mouse control as well as keyboard control. It took four prototypes
to reach this level of usability. The GUI consists of roughly 19300 lines of
code.

e The graphical user engine uses two supplementary tools: the query engine
and the precision recall measurement device. Both together consist of
roughly 1700 lines of code.

e The usage of the applications as well as technical details like file formats
and protocols are described in the reference manual. The manual is pro-
vided in HTML and PDF format and consists of roughly 55 pages.

One important issue in the development of the ALWIS suite was making the
applications cross-platform. Especially process creation and inter-process com-
munication with Unix pipes in the presence of a graphical user interface were
problematic in this context. So far the applications have been tested on Linux
and on Windows. Porting to other POSIX compliant platforms supported by
the wxWidgets GUI library should be very easy. For Windows we provide a
precompiled binary package coming with a full featured installer.

Due to the size of this project the work was split between my colleague Benedikt
Grundmann [5] and myself. In this paper I present the results of my part which
focuses on the graphical user interface and its implementation.
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Chapter 3

The Graphical User
Interface

As denoted by my colleague Benedikt Grundmann [5] concept based retrieval
schemes are two phase algorithms. They consist of

e a clustering phase in which a model is calculated and

e a query phase in which a calculated model is used to perform queries.

This graphical user interface (GUT) helps you to perform queries and to compare
the results from these queries, i.e. the GUI completely focuses on the query
phase of concept based retrieval schemes. It does not help you to calculate
models. In the following chapters we will present the individual parts of the
GUL

3.1 The main window

A typical search engine interface consists just of a text box in which the query is
entered and a window in which the relevant documents are listed. But in order
to allow a deeper insight into cluster based retrieval schemes our generic model,
as introduced in [5], removes this layer of abstraction. Therefore we have direct
access to three entities: documents, terms and concepts. Furthermore there are
six query kinds instead of only one: instead of only being able to map a term
query to document results you can map from any of the three entities to any
of the remaining two entities. It is quite clear that the typical search engine
interface is not powerful enough to meet our generic model.
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6 CHAPTER 3. THE GRAPHICAL USER INTERFACE
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3.1. THE MAIN WINDOW 7

3.1.1 Three views

As you can see in figure 3.1 most space of the main window is taken by three
views directly corresponding to the three entities in the generic model: a doc-
ument view, a term view and a concept view. Each view shows a list of items
from the respective entity.

Internally these items are just numbers, namely row or column indices for the
matrices a model consists of, with optional weights. Since displaying just these
ids would not be very convenient we need to resolve them. The document space
as well as the term space are well known, therefore we can provide a usable
description for document items and term items. Document items are annotated
with the document’s title and the document’s length. On double-clicking a
document item the actual contents of that document are shown. Term items
are annotated with the term itself and its document frequency.

Unfortunately cluster based retrieval schemes do not provide any semantic de-
scription of what a specific concept is. We can only use the implicit information
stored in the model to annotate concept items. Therefore concepts are anno-
tated with the most relevant terms for the respective concept. In figure 3.2 you
can see the three views showing some data from the medlars collection.

3.1.2 Elementary queries

Performing a query is equivalent to mapping items from one entity, i.e. one view,
to one of the remaining entities, i.e. one of the two remaining views. In practice
this is done by selecting items in one view and clicking the appropriate button
near one of the remaining views. In detail there are six elementary queries you
can perform:

e most relevant documents for the selected terms
After selecting one or more terms in the term view click the i button
near the document view. This is equivalent to pressing Ctrl+D while the
term view has the keyboard focus.

e most relevant documents for the selected concepts
After selecting one or more concepts in the concept view click the @ button
near the document view. This is equivalent to pressing Ctrl+D while the
concept view has the keyboard focus.

e most relevant terms for the selected documents
After selecting one or more documents in the document view click the
button near the term view. This is equivalent to pressing Ctrl+T while
the document view has the keyboard focus.

e most relevant terms for the selected concepts
After selecting one or more concepts in the concept view click the @
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8 CHAPTER 3. THE GRAPHICAL USER INTERFACE

button near the term view. This is equivalent to pressing Ctrl+T while
the concept view has the keyboard focus.

e most relevant concepts for the selected documents
After selecting one or more documents in the document view click the
button near the concept view. This is equivalent to pressing Ctr1+C while
the document view has the keyboard focus.

e most relevant concepts for the selected terms
After selecting one or more terms in the term view click the [ button
near the concept view. This is equivalent to pressing Ctrl+C while the
term view has the keyboard focus.

3.1.3 Combined queries

Furthermore there are so called combined queries. A combined query actually
consists of two elementary queries whose results are combined by multiplying
the returned weights of each returned item. That means in detail:

e only items contained in both query results are contained in the final query
result

e only items ranked high in both query results will be ranked high in the
final query result

You can perform a combined query by clicking on the Ed button near one of
the views. If you click e.g. on the E button near the document view the most
relevant documents for the selected terms and the most relevant documents for
the selected concepts will be queried. The resulting (combined) query result
is shown in the document view and can be interpreted as the most relevant
documents for the selected terms while limiting the meaning of these terms to
that of the selected concepts.

3.1.4 Multiple models

This tool has been developed to allow the comparison of different cluster based
retrieval schemes. In terms of our generic model this means that we need to
compare different models. But what does comparing models actually mean?
The most intuitive comparison is to perform the same query on different models
and comparing the query results. Therefore we need to concurrently perform
queries on different models. Of course switching between the models should
require as less effort as possible.

Screen space is technically limited. Therefore it is virtually impossible to show
the set of three views each for many models in parallel. Regarding special
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3.1. THE MAIN WINDOW 9

display devices like beamers it is often even not possible to show two models
in parallel. Therefore we have chosen to utilize the tabbed window paradigm.
Thereby the working area of the window is enlarged by stacking multiple layers
of views. There is one such layer for each model, each containing a document
view, a term view and a concept view for the appropriate model. You can easily
switch between the layers/models by clicking on the appropriate tab.

3.1.5 Weighted and unweighted queries

By default all queries are performed unweighted. That means that the selected
items will all have the same weight. The weights of the selected items will always
sum up to 1. The content of the weight column is not considered. Most often
this is the wanted behavior.

Sometimes you may want to take the weights from the weight column into
account. Each selected item is weighted with the appropriate value from the
weight column but the values are normalized so that the weights of all selected
items sum up to 1. You can perform weighted queries by activating the weighted
query mode by clicking the appropriate button in the tool bar. After the query
has been performed the weighted query mode is disabled automatically.

3.1.6 Most relevant documents for a term query

Usually one is interested in the most relevant documents for a query consisting
of some terms. This kind of query is commonly performed in a special way by
cluster based retrieval schemes. First the term query is mapped into concept
space and then the most relevant documents for this concept space representa-
tion of the query are queried. This is different from the elementary query “most
relevant documents for the selected terms” from above! The elementary query
described above directly maps from term space to document space instead of
mapping to concept space first!

We have made these individual steps explicit in our generic model. Please refer
to the work of Benedikt Grundmann [5] for more information on this. But of
course this special procedure can be done in the GUI as well by performing the
following steps:

e select the appropriate terms for which you are interested in the most rel-
evant documents

e query the most relevant concepts for the selected terms by clicking on the
i button near the concept view or by pressing Ctrl+C while the term
view has the keyboard focus (this step is the actual folding in of the term
query into the concept space)
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10 CHAPTER 3. THE GRAPHICAL USER INTERFACE
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Figure 3.3: Two pages from the batch query wizard

e activate the weighted query modus by clicking the appropriate button in
the tool bar or by pressing Ctrl+W

e select all concepts in the concept view by setting the keyboard focus to
the concept view (e.g. click somewhere in the concept view) and pressing
Ctrl+A

e query the most relevant documents for the selected concepts by clicking
on the @ button near the document view or by pressing Ctr1+D while the
concept view has the keyboard focus

For convenience reasons we added a special button @ which encapsulates these
five steps into one step. After having selected one or more terms in the term
view just click on this button which is located near the document view. The
concept view is updated in order to give you a hint how your term query is
mapped into concept space.

3.2 The comparison window

Switching between different models in order to find (minor) differences in query
results can be quite tedious. Therefore we provide a comparison window which
directly sets multiple query results in contrast to each other. Using the batch
query wizard, see figure 3.3, you can specify which queries should be executed
for which models using which query methods. The query results are presented
in a new window which is depicted in figure 3.4.

In this window the different query results are stacked in columns which allows an
easy comparison. If you select one or more items in one query result the appro-
priate items in all other query results are highlighted, too. This makes locating
corresponding items even more easy. For a better overview you can temporarily
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3.3. THE MEASUREMENT WIZARD 11
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Figure 3.4: The comparison window

hide the query results from specific queries, models or query methods using the
check box lists at the left edge of the window.

3.3 The measurement wizard

There are some methods to (semi-)automatically measure models. For instance
you can draw a precision recall curve which denotes the precision of query results
at different recall levels. For more details on measurement methods please refer
to [5].

The measurement wizard is very similar to the batch query wizard from above.
After specifying the measurement device to use you can specify which queries
should be executed for which models using which query methods. After the
queries have been executed the results, i.e. in this case the precision recall
curve, are presented in a new window.
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Chapter 4

Internal structure

4.1 Separation of model calculation and GUI

As denoted by my colleague Benedikt Grundmann [5] concept based retrieval
schemes are two phase algorithms. As we have stated earlier the graphical user
interface completely focuses on the second phase, i.e. the query phase. The first
phase, i.e. the clustering phase, in which the models are calculated, has to be
done externally. But what are the reasons for this separation?

The obvious, monolithic approach to the development for a visualization tool like
A1wis would integrate both phases into one application. But such an approach
would have several drawbacks:

e The extension of a monolithic application to new retrieval schemes would
require changing potentially large portions of the application’s source code
and recompiling the whole application. This would make the extension to
new algorithms more difficult and more error prone.

e Any new retrieval scheme would have to be implemented in the program-
ming language the monolithic application is written in. Alternatively one
could use bindings of other programming languages to the one of the
monolithic application. In both cases the implementation of new retrieval
schemes potentially gets more troublesome.

e Most clustering algorithms are computational intense and time consum-
ing. Integrating the calculation of models into a monolithic graphical user
interface would complicate or even prevent the calculation of models using
remote computation servers. Taking into account that e.g. the compu-
tation of a PLSI model on a medium sized corpus can take up to several
days the integration of the calculation into a GUI is obviously no good
idea.
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14 CHAPTER 4. INTERNAL STRUCTURE

Therefore we decided to strictly separate the two phases of concept based re-
trieval schemes in the implementation as well. This separation is made possible
by our generic model. For more details on the generic model please refer to the
thesis of Benedikt Grundmann [5].

The calculation of models is implemented as external command line tools with-
out a graphical user interface. They have to be invoked using a shell. This
approach has some important advantages:

e The separation of the calculation of models from the query visualization
allows us to use any tool to calculate models. We can use well-established
suites like Matlab as well as other programs written in any programming
language for this purpose. This ensures maximum flexibility.

e By implementing the calculation of models as command line tools using
remote computation servers for the calculation of models gets very easy.
Simply establish a SSH connection to the computation server, create a new
screen session and start the calculation of a model. You can now detach
the screen session and close the SSH connection at any time and reconnect
later to see the results.

e Knowing about the computational intensity of the calculation of models
we would like to have the possibility to store models calculated once for
later use. This feature of loadable and storable models is used for the
model exchange between calculation and visualization as well. Therefore
we get the separation between of the calculation from the visualization
“for free”.

This approach has only one slight disadvantage. Model computation tools with-
out graphical user interface are slightly less convenient since they require the
user to use a shell. But this is acceptable since ALWIS is targeted at researchers
which should be familiar with using a shell. Of course one could think of an
optional graphical front-end for these tools, but it is not provided in the AL-
wis package. Fortunately a graphical front-end interfacing to the command line
tools would not break the advantages stated above.

4.2 Separation of query execution and GUI

As denoted by my colleague Benedikt Grundmann [5] there can be several so
called query methods. A query method is an algorithm which is used to calculate
a query result for a given query on the basis of a given model. The most basic
query method is the cosine comparison which just uses the dot products of
the query vector with the appropriate vectors from the model the calculate the
query result. Of course we would like to chose freely among all available query
methods. In the following we will refer to the implementation of query methods
by the notion “query engine” (QE).
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We can think of several possibilities of how to implement the different query
methods:

1. all query methods are integrated into the visualization tool
2. one external process per model and query method
3. one external process per model, each utilized for every query method

4. exactly one external process, utilized for each model as well for each query
method

Each of these options has its own advantages and disadvantages. In the following
we will further explain the options and discuss their pros and cons.

4.2.1 Various options

Option 1

Integrating all query methods into the visualization tool itself is clearly not an
option. There would be the same problems as stated above, please refer to
section 4.1. This approach would break the flexibility of simply adding new
cluster based retrieval schemes to ALwIS which is one of our main goals.

Option 2

Assuming we support n different query methods we would need n different ap-
plications, each implementing one query method. The visualization tool would
start one instance of each of these applications for each model the user is cur-
rently visualizing. While this approach is the theoretically most beautiful one
there is one major drawback. Each query engine needs access to the model data
which would have to be stored in memory. Since we have n different query
engines in memory for each model this means that we would have n identical
copies of the model data in memory. Since the model data is quite memory
intense this would put unnecessary limits to the number of models and query
methods the user could investigate in parallel. Unfortunately sharing the mem-
ory containing the model data between the separate processes does not work in
general — there would arise cross-platform problems and problems with query
engines written in different programming languages.

Option 3

In this approach we would need to implement exactly one query engine appli-
cation. The visualization tool would start exactly one instance of this query
engine for every model the user is currently visualizing. Since different models
imply different model data we would not hold duplicate copies of the same data
in memory. Although we separate the query methods from the visualization
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we would have to provide one query engine capable of performing every query
method. This slightly impairs the flexibility.

Option 4

This option is almost identical to option 3 despite the fact there is exactly one
global instance of a query engine. This global instance would be responsible for
performing queries on any model using any query method. Again we would need
to implement exactly one query engine application. But this time we would need
to cope with any number of models within this application. It is quite obvious
that this would complicate the implementation of the query engine. Therefore
this option would further impair the flexibility without gaining any benefit over
option 3.

4.2.2 Interactive loading issue

One could think about interactive loading — either of the model data or even
the complete query engine process including the data — as a solution to some
problems stated above. After doing some benchmarking we had to recognize
that is no option either. Interactively forking the process and loading the model
data would introduce non-neglectable delays into the visualization process which
renders this strategy useless.

4.2.3 Conclusion

Unfortunately there is currently no solution meeting all theoretical as well as
all practical requirements. Since our goal is a working implementation we have
to focus on the practical requirements. Therefore we decided to chose option 3.
This is a practical compromise which only slightly restricts our goal of flexibility.
Here we do not have any convenience restrictions since the user never uses the
query engine application directly but only through the graphical user interface
. In figure 4.1 you see a sketch of the implemented solution.

4.3 Separation of measurement and GUI

As seen in the thesis of Benedikt Grundmann [5] there are some methods to — at
least semi-automatically — evaluate the quality of models and query execution.
This can be done using only the model matrices, like e.g. for calculating the
relative entropy, or using the results of the execution of several queries, what
e.g. is done when calculating a precision recall curve.
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Figure 4.1: Separation of the query engine from the GUI
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Figure 4.2: Output of the precision recall measurement device
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Once again we decided to implement measurement devices as external applica-
tions and not as integral part of the graphical user interface. If the respective
measurement device requires query results the GUI does the actual query exe-
cution for the measurement device. All eventually necessary parameters as well
as the query results are passed via the command line or via files to the external
measurement application. It is up to the measurement device how to present its
result to the user. It is free to output its results to the console or to present its
results in an own graphical user interface. For example the implemented preci-
sion recall measurement device presents the calculated curve in a new gnuplot
window as depicted in figure 4.2.

This approach makes adding new measurement devices very easy. You are com-
pletely free in choosing an appropriate programming language for implementing
the measurement device. Furthermore you do not need to bother to execute the
queries since this is done by the graphical user interface. The only technical
infrastructure needed in the new measurement device is simple command line
parsing and optionally parsing files with a very simple text format. Almost
every programming language provides sophisticates means for such tasks.
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Chapter 5

Implementation

5.1 Calculation of models

As one can see in the work of Benedikt Grundmann [5] the actual calculation
of models requires some preprocessing of the corpora. In the generic model the
calculation of models is based upon a document term matrix (DTM) which is a
sparse matrix representing the preprocessed contents of a corpus.

5.1.1 Stream concept

In general a corpus is just a bunch of files. Since we focus on text corpora all
these files are (or should at least be) text files. Most time we want to treat all
files contained in a corpus the same way. In this context coping with all the
single files individually is not very convenient.

Therefore we adapted the stream concept proposed in [1] for our needs. A
stream represents a corpus by bundling all files belonging to this corpus into one
file. Despite the actual file contents the stream contains some additional meta
information like a document title for every file in the stream. In particular this
approach enables us to implement filter applications for whole corpora/streams
using the concept of Unix pipes.

5.1.2 Preprocessing of corpora

In the following we will assume a corpus consisting of several plain text files.
Other file types like HTML, Postscript or PDF should be converted to plain text
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beforehand using third party tools. In general we will have to do the following
preprocessing steps:

e merging plain text files into a stream,

e filtering out unwanted characters (term delimiter characters),
e filtering out unwanted terms (stop words, see [8]),

e stemming of terms (see [4]) and

e building a document term matrix (DTM) and optionally a hold-out matrix
from the filtered document stream

Depending on the origin and the state of the stream some steps stated above
may be unnecessary or vice versa some additional steps may be necessary. For
details on how important a proper preprocessing of corpora is and how it can
improve the quality of the calculated models please refer to [5].

It is quite obvious that the single preprocessing steps stated above are indepen-
dent from each other. In order to maintain maximum flexibility we would like
to have a mechanism which allows us to reorder or remove preprocessing steps
as well as adding further preprocessing steps.

This is achieved by implementing the single preprocessing steps as individual
console applications. Each such application reads one or more files and outputs
one or more files. We actually implemented four such applications using the
programming language C++:

e cat2stream reads multiple text files and outputs a stream containing these
files

e filterstream reads a stream, removes unwanted characters and terms
from the contained documents and outputs the filtered stream

e stemstream reads a stream, stems all terms in the contained documents
and outputs the filtered stream

e stream2matrix reads a stream and outputs a document term matrix and
an optional hold-out matrix as well as satellite data (consisting of a doc-
ument list and a term list)

The document term matrix (DTM) as well as the optional hold-out matrix is
used to calculate models later on. The DTM represents the contents of the
corpus in form of a sparse matrix stating the number of occurrences of each
term in each document. The optional hold-out matrix contains data which is
used to measure the quality of a model while it is iteratively trained (so far only
the PLSI algorithm uses this). The satellite data created by stream2matrix
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Figure 5.1: One possible way from a corpus to models

is only used in the graphical user interface for visualization purposes and is
not needed to calculate a model. A possible processing chain ranging from the
original corpus to the finally calculated models is depicted in figure 5.1.

Most of the tools support communication via Unix pipes. This applies to all
tools reading only one input file and/or writing only one output file. In our
implementation we fixed some cross-platform issues which prevented piping from
working on Windows. It may be worthwhile to have a look into our source code
[3] before trying to implement an additional console application for the use in
the processing chain.

5.1.3 The actual calculation of models

As stated in our generic model [5] the calculation of models based upon a corpus
only utilizes the DTM matrix (and an optional hold-out matrix) which repre-
sents the contents of the corpus.

There is one command line tool for the model calculation for each cluster based
retrieval scheme. We actually implemented three such model calculation tools:

e compute-1lsi computes a LSI model from a given document term matrix
according to the LSI algorithm described in [2], this tool is implemented
in C++

e compute-plsi computes a PLSI model from a given document term ma-
trix and a given hold-out matrix according to the PLSI algorithm described
in [6], this tool is implemented in 0Caml
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e compute-spectral computes a Spectral Clustering model from a given
document term matrix according to the Spectral Clustering algorithm de-
scribed in [7], this tool is implemented in C++

Each of these tools outputs two files: a pzd matrix and a pwz matrix. These
two files form a model as described in our generic model [5]. The model files are
used in the query phase to execute the queries.

We would like to emphasize one important aspect of our choice of the used
programming languages. We consciously did not chose to use Matlab or any
other well-established math suite for the calculation of models. Although such
suites provide almost every algebraic function we will ever need for the calcu-
lation of models one major problem persists. Not all people have access to a
suitably licensed copy of Matlab. When relying on Matlab we would prevent
people without access to Matlab from calculating their own models. Of course
this applies to other commercial suites as well.

5.2 Query engine

As we stated in section 4.2 we decided to separate the actual query executing
from the graphical user interface. Furthermore — as a necessary practical com-
promise — we decided to implement one query engine application which is able
to execute all query methods. The graphical user interface forks one query
engine process for every model the user wants to visualize.

Communication between the graphical user interface and the query engine is
done via Unix pipes. The graphical user interface prints all queries which should
be executed to standard input of the query engine process. The query engine
then prints the query results to its standard output which is read by the graphi-
cal user interface. The communication is actually done using a very simple text
protocol.

The query engine is implemented in C++ in order to ease the implementation of
pipe based communication.

It is important to know that the query engine has to implement only the six
elementary queries

e most relevant documents for a term query,
e most relevant documents for a concept query,
e most relevant terms for a document query,

e most relevant terms for a concept query,
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e most relevant concepts for a document query and

e most relevant concepts for a term query.

All other queries, i.e. the combined queries as well as querying with folding
in, are performed by the graphical user interface by combining the results from
multiple elementary queries. This additionally eases the implementation and
extension of the query engine.

There can be multiple query methods in the query engine. As stated in our
generic model [5] a model consists of a pzd matrix and a pwz matrix. A query is
just a vector of weighted documents, terms or concepts. A query method is an
algorithm which describes how the query result is actually derived from a given
model and a given query. The query engine has to support any combination of
elementary query and query method. Currently there are two query methods
implemented in the query engine:

e cosine comparison and

e generalized PLSI style folding in

Please refer to the work of my colleague Benedikt Grundmann [5] for details on
this query methods.

5.3 Measurement devices

As we stated in section 4.3 we decided to separate the measurement of models
from the graphical user interface. All necessary data is provided to the mea-
surement device. Especially is does not have to bother with executing queries
since the query execution is managed by the graphical user interface.

We actually implemented one measurement device calculating a precision recall
curve. The application is written in 0Caml. It calculates the precision recall
curve using the query results which it got as input and uses gnuplot to actually
plot the curve. The plotted curve is presented in a new window.

As it is commonly known precision and recall are defined as follows:

retrel
precision = ———
returned

retrel
recall = ———
relevant

retrel is the number of relevant documents contained in a query result, re-
turned is the total size of the query result and relevant is the number of all
relevant documents the corpus contains.
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The set of relevant documents in a corpus has to determined by hand. Obviously
there is no automatic way to this — if such a method would exist it would be the
perfect search algorithm. Fortunately there are test collections which supply a
set of queries and the set of relevant documents for each of these queries.

In order to get a precision recall curve we analyze the precision at different recall
levels. By using the recall level as x coordinate and the appropriate precision
as y coordinate we get points forming the precision recall curve.

Such a curve would not very representative for a retrieval scheme if we would
only consider one query — one could think of a fake retrieval scheme specialized
to exactly this query. Therefore we consider as many queries as possible, each
with its own set of relevant documents. By averaging the resulting curves we
get a smoother and more representative precision recall curve for the analyzed
retrieval scheme.

For more details on the implementation, especially on the averaging of the pre-
cision recall curves from the individual query results, please refer to the source
code [3]. In figure 4.2 a sample output of this measurement device is depicted.

5.4 Graphical user interface

In order to maximize portability we have chosen to implement the graphical user
interface in C++. In particular there is a reasonably well tested and stable C++
cross-platform toolkit for the development of graphical user interfaces, namely
wxWidgets. wxWidgets has the advantage of using native controls of each
operating system so that the user gets an application with a familiar look and
feel.

The graphical user interface transparently handles forking and terminating of
external processes needed as well as the communication with them. For exam-
ple for every model which is visualized a new instance of the query engine is
forked automatically. The experienced user has minimal control over the exter-
nal processes. He can (re)start or terminate a query engine and has the ability
to change the command line arguments of the query engine. Hiding most of the
technical stuff from the user makes our tool accessible to a larger audience.

The actual implementation of the graphical user interface in principle consists
only of plain GUI code and some technical stuff like file parsing and interprocess
communication. All other tasks, like model calculation, query execution and
measurement, are sourced out into external applications. The main advantage
of this is that the algorithmic code of the external applications is not mixed
with GUI code.
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Chapter 6

Conclusion and future work

Together with my colleague Daniel Fischer I implemented a visualization tool
which puts emphasis on the comparison of single specific queries across several
concept based retrieval schemes.

To facilitate that we have shown how to map different concept based retrieval
schemes into the generic model. This model introduces the notion of a gener-
alized query. The generalized query has proven itself to be helpful in under-
standing the performance of a concept based retrieval scheme on a single query.
For certain applications it might be advantageous to provide the power of the
generic model to the end user. For example a movie database might want to
provide means to list related movies.

We are convinced of the usefulness of our tool, nevertheless we are interested in
reports of using ALwWIS. In particular we would to like to hear about additional
mappings of other concept based retrieval schemes into the generic model.

We hope that our tool will help in understanding the performance of concept
based retrieval schemes. It might be interesting to compare the performance of
the same clustering using different kinds of query functions.
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