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Abstract—This paper describes the development of an English
corpus of factoid TREC-like question-answer pairs. The corpus
obtained consists of more than 70,000 samples, containing each
one the following information: a question, its question type,
an exact answer to the question, the different contexts levels
(sentence, paragraph and document) where the answer occurs
inside a document, and a label indicating whether the answer
is correct (a positive sample) or not (a negative sample). For
instance, TrainQA can be used for training a binary classifier
in order to decide if a given answer is correct (positive) to the
question formulated or not (negative). To our knowledge, this
is the first corpus aimed to train on every stage of a trainable
Question Answering system: question classification, information
retrieval, answer extraction and answer validation.

Index Terms—Question answering, corpus-based systems.

I. INTRODUCTION

MPIRICIST approach to Natural Language Processing

(NLP) suggests that we can learn the complicated and
messy structure of language studying large amount of real-life
language samples by means of different techniques such as
statistical, pattern recognition or machine learning methods.
This data-driven approach is based on large corpus, i.e.,
large body of language data: written texts, spoken discourse,
samples of written or spoken language.

Many researchers agree that significant progress can be
made in text understanding by attempting to automatically
extract information about language from very large corpora.
For this reason, many resources have been developed to assist
the learning task. These text resources present different levels
of annotation that determine the task they are useful for. There
are plain corpus like Project Gutenberg' that present no extra
information, but plain text. There are also corpus like Spanish
EFE Press Agency news of 1994 and 1995 (see CLEF?),
with formatting attributes that identify information about
edition, authors, headlines or paragraphs. Finally, there are
annotated corpus like Penn Treebank [1] with more elaborated
information about part of speech or syntactic structure. All
these are general corpora not intended for a concrete task.
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In this paper we present a corpus developed to assist
data-driven Question Answering (QA) systems. These systems
try to obtain exact answers from large corpus to precise
questions formulated in natural language. We have developed
a corpus of English question-answer pairs suited to train
on every stage of a machine learning based QA system:
question classification, information retrieval, answer extraction
and answer validation.

The corpus consists of more than 70,000 samples. Each of
these samples contains information that relates a question with
its answer in four different contexts: exact match, sentence,
paragraph and document. Every sample is labelled as positive
or negative, depending whether the answer given is correct or
not. Negative instances are useful to provide the context in
which an extracted answer is incorrect. We obtained a total of
7,598 positive samples and 64,384 negative ones. This way,
the corpus can be used to train a binary classifier in order to
decide if a given answer is correct (positive) to the question
formulated or not (negative). Moreover, information about
question type is also stored to assist the question classification
process.

Other corpora have been previously employed to train
isolated parts of a QA system. Nevertheless, to our knowledge
this is the first corpus that can be used to train all the different
components of a QA system and also, the only one that
contains positive and negative instances.

This paper is organized as follows: in Section II we
introduce the current research related to corpus development
and trainable QA systems; Section III describes the samples
that make up the corpus; Section IV presents the resources
employed to build the corpus and details the generation
process; Section V outlines corpus statistics and finally, in
Section VI we discuss possible corpus applications and main
challenges for future work.

II. RELATED WORK

There are several QA systems that apply machine learning
techniques based on corpus of question-answer pairs, covering
different stages of the question answering process.

In [2], a corpus of question-answer pairs (called KM
database) was developed. Each of the pairs in KM represents
a trivia question and its corresponding answer, such as the
ones used in the trivia card game. The question-answer pairs
were filtered to retain only questions and answers that look

Polibits (40) 2009






TrainQA: a Training Corpus for Corpus-Based Question Answering Systems

<SAMPLE 1id="26821" class="POSITIVE">

<QID>
1395

</QID>

<QUESTION>
Who is Tom Cruise married to?

</QUESTION>

<QTYPE>
PROPER_NAME

</QTYPE>

<ANSWER>
Nicole Kidman

</ANSWER>

<SENTENCE>
The drama is said to be about a pair of married psychiatrists (played by
the married Tom Cruise and Nicole Kidman) and their sexual lives, but
only a few Warner executives, Cruise and Kidman, and Pat Kingsley, a top
public relations executive, have seen the film.

</SENTENCE>

<PARAGRAPH>
Along the way, Kubrick’s secretive methods generated a continual buzz. Actors
had to sign agreements not to talk to the press, and shooting scripts were kept
under strict security. The drama is said to be about a pair of married psychiatrists
(played by the married Tom Cruise and Nicole Kidman) and their sexual lives, but
only a few Warner executives, Cruise and Kidman, and Pat Kingsley, a top public
relations executive, have seen the film.

</PARAGRAPH>

<DOCID>
NYT19990326.0303

</DOCID>

</SAMPLE>

Fig. 1. An example of a positive sample from the corpus. Information is separated in different tags: the identifier of the sample (attribute id in tag SAMPLE),
the class indicating whether it is positive or not (attribute class in tag SAMPLE), the identifier of the question (tag QID), the question itself (tag QUESTION),
the question type (tag QTYPE), the exact answer (tag ANSWER), the sentence context (tag SENTENCE), the paragraph context (tag PARAGRAPH) and the
document identifier (tag DOCID).

<SAMPLE 1id="26824" class="NEGATIVE">

<QID>
1395

</QID>

<QUESTION>
Who is Tom Cruise married to?

</QUESTION>

<QTYPE>
PROPER_NAME

</QTYPE>

<ANSWER>
Nicole Kidman

</ANSWER>

<SENTENCE>
The film itself, starring Tom Cruise and Nicole Kidman as a married couple in
New York on a sexual odyssey, received wildly mixed reviews.

</SENTENCE>

<PARAGRAPH>
The film itself, starring Tom Cruise and Nicole Kidman as a married couple in
New York on a sexual odyssey, received wildly mixed reviews. After strong box
office sales in its first weekend, attendance has dropped sharply.

</PARAGRAPH>

<DOCID>
NYT19990326.0303

</DOCID>

</SAMPLE>

Fig. 2. A negative sample. Despite the answer is correct, the context does not justify it.
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TABLE I
CORPUS STATISTICS

Fig. 4. Judgement file snippet. The third column indicates if the answer is
incorrect (-1), correct (1), unsupported (2) or inexact (3).

of the samples and subsequent manual revision of the positive
ones, as we will describe later.

First, all the factoid questions from TREC 2002 to TREC
2005 QA tracks were collected. These questions were then
manually labelled with their respective question type according
to the classification presented in [7].

For every question gathered, an automatic process looked
into the judgement set files for all its related submissions.
These submissions reflect what the systems participating in
these QA tracks replied to the questions formulated during the
competition. Each judgement was processed following these
steps:

1) Read the answer given to the question.

2) Read the judgement made by the assessors.

3) Read the document identifier and try to match the answer
in the document.

Retrieve and store all the different paragraphs in the
document that contain the answer. As every paragraph is
already tagged in the AQUAINT corpus, these tags® are
employed to easily extract them. A sample is generated
for every paragraph.

Extract from every paragraph the sentence where the
answer occurs. The MXTERMINATOR software [10]
was employed to detect sentence boundaries.

4)

5)

At this point of the automatic process, we had a set of
samples connecting a question with its exact answer and with
the different contexts (sentence, paragraph and document)
where this answer was found. If the assessors judged the
answer as “incorrect”’, the sample was labelled as negative.
If the judgement was “correct”, the sample was labelled as
positive. In case the judgement was “unsupported”, the sample

SFor some reason the paragraphs in the 1998 Associated Press Worldstream
News Service corpus are not labelled, thus answers related to this collection
were not taken into account.

Set Questions | Judgements | Positive | Negative | Total Samples

TREC 2002 500 15,948 1,837 24,818 26,655

TREC 2003 413 9,841 2,359 15,070 17,429

TREC 2004 230 6,235 1,235 8,219 9,454

TREC 2005 362 11,967 2,167 16,277 18,444

TOTAL 1,505 43,991 7,598 64,384 71,982
1395 NYTI19991220.0294 -1  Julia Roberts was labelled as negative, since the answer is correct but the
1395 NYTI19991101.0416 1  Nicole Kidman context does not justify it.
1395  APW19990712.0006 3 actress Nicole Kidman @ 5 .
1395 NYTI19991101.0416 3 actress Nicole Kidman JUdgements 1.a belled s inexact .den.land a spec1a1
1395  APW19990712.0006 1 Nicole Kidman treatment. In this case, the document justifies the answer
1395  APW19990423.0019 2  Tom Cruise and Nicole Kidman but this answer does not perfectly fit the user needs as the
1395  NYTI19990628.0254 2 Nicole Kidman string contains extra information or is missing bits of it.

To solve this problem, the automatic process gathers all the
“correct” answers given to the question in the judgement set,
and tries to match them in the document where the “inexact”
answer was found. For instance, let’s suppose Fig. 4 shows
all the judgments for question number “1395”. When the
third judgement of the file is processed, the answer given is
“actress Nicole Kidman”, that was judged as “inexact” for
the TREC assessors. In that case, the automatic process looks
for all the possible “correct” answers for question “1395” in
the judgement set and tries to match them with document
“APW19990712.0006, where the “inexact” answer occurred.
In this example, only “Nicole Kidman” from the second and
fifth judgment is correct, so this exact answer is searched in
document “APW19990712.0006”. Samples obtained this way
are labelled as positive as inexact answers are now substituted
with exact ones.

After finishing the automatic process, we had a large set
of samples with the information shown in Figs. 1, 2 and 3.
But the whole corpus development process is not completed as
there was a problem with some pairs that had to be manually
reviewed.

There are two different problems with the automatic
extraction process. First, in some cases the answer obtained
from the judgement set occurred in different paragraphs inside
the same document. The automatic process extracted every
matching paragraph and created a sample for each one,
labelling all of them either as positive or negative according to
the criterion described above. There is no problem if the label
assigned is negative as we can assure for every sample that
the answer is not correct or the paragraph does not support
it. The problems arise when the samples are all labelled as
positive, because we can not guarantee that all the paragraphs
matching the answer in the document support it.

Secondly, in some cases there are anaphoric references
between paragraphs in the documents so that the answer an its
justification appear in different paragraphs. Thus, as we have
established, these samples can not be considered positive as
the context does not justify them.

This ways, all the positive samples were set apart for manual
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Cross Language Information Retrieval
using Multilingual Ontology
as Translation and Query Expansion Base

Mustafa Abusalah, John Tait, and Michael Oakes

Abstract—This paper reports an experiment to evaluate a
Cross Language Information Retrieval (CLIR) system that uses a
multilingual ontology to improve query translation in the travel
domain.  The  ontology-based  approach  significantly
outperformed the Machine Readable Dictionary translation
baseline using Mean Average Precision as a metric in a user-
centered experiment.

Index terms—Ontology, Cross

information retrieval.

multilingual, language

I. INTRODUCTION

HE growing requirement on the Internet for users to

access information expressed in language other than their
own has led to Cross Language Information Retrieval (CLIR)
becoming established as a major topic in IR. One approach to
CLIR uses different translation approaches to translate queries
to documents and indexes in other languages. As queries
submitted to search engines suffer lack of context, translation
approaches have great problems with resolving query
ambiguity. In our approach, we built a multilingual ontology
to be used as a translation base for CLIR. In this paper we
evaluate our proposed query translation methodology and
compare it with a base line system that uses a Machine
Readable Dictionary (MRD) as translation base in a user-
centered experiment.

CLIR approaches are decomposed into two research fields,
the first is bilingual MRD and machine translation (MT), and
the second is concept driven approaches.

The major problem in the bilingual dictionary approach is
translation ambiguity in addition to problems of word
inflection, problems of translating word compounds, phrases,
proper names, spelling variants and special terms [8], [9],
[10]. MT systems normally attempt to determine the correct
word sense for translation by using context analysis [11].
However, a typical search engine query lacks context as it
consists of a small number of keywords. MT is more efficient
in document translation as the context is clearer.

BACKGROUND
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Concept driven approaches such as thesauri and
multilingual ontologies bridge the gap between the linguistic
term and its meaning.

A Bilingual Thesaurus groups words with similar meanings
in hierarchies (with several levels) of classes and sections and
maps them according to their meanings. EuroWwordNet is an
example of a multilingual thesaurus that uses “is-a” relations
(amongst other types of relations) between *“synsets”, or
groups of synonymous words and maps them according to
their meanings using a bilingual index. However, the
thesaurus does not include the definition of words. In fact,
words in a group are merely related, not synonymous. In
addition, words under a common heading can be of different
syntactic categories. EuroWordNet groups terms of synsets
with basic semantic relations between them.

In our approach we considered developing a bilingual
ontology rather than collecting a thesaurus, because we
consider ontology as a generalized collection of knowledge
that will be used to add a context to search queries by the
query expansion, enabling word sense disambiguation.
Ontology defines concepts, terms and vocabulary in a domain,
and also the relationship among these concepts. Concepts are
organized in a taxonomic structure, with subclasses inheriting
properties and specializing from superclasses. Current
semantic web technologies also have the added capability of
inferring new facts from old facts already captured in the
ontology. An ontology, together with a set of instances of the
classes or concepts defined, constitutes a knowledge base
about the domain being described [12].

I1l. ONTOLOGY VERSUS MRD

The ontology was built to model the travel domain and
decomposed into two ontologies (Arabic and English
Ontologies). The ontology was developed manually with the
help from a domain expert. Both ontologies are mapped using
an English Arabic bilingual index. The manually created
ontology consists of 100 English concepts mapped to their
Arabic equivalents and it was updated with 100 English
concepts mapped automatically to the equivalent Arabic
concepts a total of 200 mapped concepts. The automatic
ontology mapping process that applied WSD (Word Sense
Disambiguation) scored a precision of 0.83 in a user based
evaluation. In addition to concept relations, such as “is a” and
“has a” relationships, ontology also includes “instance of” and
many other relations. Those relationships are represented in
ontology languages like owl and rdf constructs. Concept
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Fig. 3. Shows the CLIR process using ontology.

IV. EVALUATIONS

The evaluation is based on human relevance assessments
during experimental search sessions. 25 common queries
were identified by discussion with experts in the travel and
tourism field as being of interest to potential users of a travel
search engine. They were expressed in the English language.
The judges who evaluated both systems are not experts in the
travel field but they have at least traveled abroad once. All
judges are native Arabic speakers and have a very good
knowledge of the English language. Twenty judges made a
relevance judgment for each query submitted to each system
with a total of 1000 judgments for the 25 queries for both
systems. The judges access the system using a web-based
interface, and submit the queries to both systems. We
conducted two experimental runs.

Run 1: The Judge submits the query to the dictionary based
system and evaluates the first 40 results appearing on the web
browser with title and brief description.

Run 2: The same procedure applied in run 1 is applied in
run 2 but using ontology based translation.

The judgment was binary as to whether result was relevant
or not [2]. The judges were asked to score the quality of

relevance match according to one of the following relevancy
scale (not relevant, don’t know, possibly relevant, relevant,
critically relevant), as shown in figure 4.

Mot Possibly Belevand

Ho response Critieally

. - I
I~ ]

o D
Fig. 4. Relevance Scale.

These responses were mapped onto a binary scale relevant
if the document retrieved is at least possibly relevant,
otherwise the document is not relevant. For example, critically
relevant documents specifies to the user exactly what he is
looking for, while possibly relevant might have some useful
information, but doesn't specify exactly the user need. If the
judge did not know whether the document is relevant or not
his judgment is considered not relevant [7]. The document
collection used in this experiment is about 8,000 documents in
the Arabic language. The documents are all related to the
travel domain and either published in Al-Nahar newspaper [3]
from the year 1996-1999 or documents collected from the
Palestinian ministry of tourism [4]. The scale of the collection,
together with only two related systems being used in the
experiment, meant no reliable assessment of recall could be
made within the available time and resources.

V. RESULTS

After the users’ assessment the Mean Average Precision [5]
was measured, where Mean Average Precision is the average
of the precision after each relevant document is retrieved.

Mean Average Precision Measure
1
0.8 A 7\ Ia
= AR ATA
206 A p ——MRD
: M\\/ A MVW AA s
DN VA VA A e
0.2 —¥
0 L T T T T T L
1 3 5 7 9 1113 1517 19 21 23 25
Queries
Fig. 5. Ontology versus Dictionary precision measure result.
ZN_l(pr(r) x rel (1))
MAP = r- 1)

Number ofRelevant Documents

where r is the rank, N is the number retrieved, rel() is a
binary function on the relevance of a given rank, and Pr() is
precision at a given cut-off rank.
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English-to-Japanese
Cross-Language Question-Answering System
using Weighted Adding with Multiple Answers

Masaki Murata, Masao Utiyama, Toshiyuki Kanamaru, and Hitoshi Isahara

Abstract—We describe a method of using multiple documents
with decreasing weights as evidence to improve the performance
of a question-answering system. We also describe how it was used
in cross-language question answering (CLQA) tasks. Sometimes,
the answer to a question may be found in multiple documents.
In such cases, using multiple documents for prediction generates
better answers than using a single document. Therefore,
our method uses information from multiple documents by
adding the scores of candidate answers extracted from the
various documents. Because simply adding scores degrades the
performance of question-answering systems, we add scores with
decreasing weights to reduce the negative effect of simply adding.
We used this method in the CLQA part of NTCIR-5. It was
incorporated into a commercially available translation system
that carries out cross-language question-answering tasks. Our
method obtained relatively good CLQA results.

Index Terms—Machine
question-answering,
NTCIR.

translation,
decreased adding,

cross-language
multiple documents,

I. INTRODUCTION

Aquestion—answering system is an application designed
to produce the correct answer to a question given as
input. For example, when “What is the capital of Japan?” is
given as input, a question-answering system may retrieve a
document containing a sentence, like “Tokyo is Japan’s capital
and the country’s largest and most important city. Tokyo is
also one of Japan’s 47 prefectures.” from an online text, such
as a website, a newspaper article, or an encyclopedia. The
system can then output “Tokyo” as the correct answer. We
expect question-answering systems to become increasingly
important as a more convenient alternative to systems designed
for information retrieval and as a basic component of future
artificial intelligence systems. Recently, many researchers have
been attracted to this important topic. These researchers
have produced many interesting studies on question-answering
systems [1], [2], [3], [4], [5], [6]. Evaluation conferences or
contests on question-answering systems have been held in
both the U. S. A. and Japan. In the U. S. A., one evaluation
conference was called the Text REtrieval Conference (TREC)
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[7], while in Japan, another conference was called the
Question-Answering Challenge (QAC) [8]. These evaluation
conferences aim to improve question-answering systems by
having researchers use their question-answering systems to
solve the same questions, and then examining each system’s
performance to glean possible methods of improvement. We
investigated the potential of question-answering systems [9]
and studied their construction by participating in the QAC [8]
at NTCIR workshop [10].

We proposed a new method that uses multiple documents
as evidence but decreases adding to improve performance.
Sometimes, the answer to a question may be found in multiple
documents. In such cases, question answering systems that
use multiple documents for prediction generate better answers
than those that use only one document [3], [4], [5], [11]. In
our method, information from multiple documents is used by
adding the scores for the candidate answers extracted from the
various documents [4], [11]. Because simply adding the scores
degrades the performance of a question-answering system, our
method adds the scores with decreasing weights to overcome
the problems of simple adding. More concretely, our method
multiplies the score of the i-th candidate answer by a factor
of k(=1 before adding the score to the running total. The
final answer is then determined based on the total score. For
example, suppose that “Tokyo” is extracted as a candidate
answer from three documents and has scores of “26”, “217,
and “20”, and that £ is 0.3. In this case, the total score for
“Tokyo” is “34.1” (= 26 + 21 x 0.3 + 20 x 0.3%). Thus, we
calculate the score in the same way for each candidate and
take the answer with the highest score as the correct answer.
When this method was used at CLQA (NTCIR-5), it scored
higher than most participants’ methods.

II. USE OF MULTIPLE DOCUMENTS AS EVIDENCE WITH
DECREASED ADDING

Suppose that the question, “What is the capital of
Japan?”, is input to a question-answering system, with
the goal of obtaining the correct answer, “Tokyo”. A
typical question-answering system would output the candidate
answers and scores listed in Table I. These systems also output
a document ID indicating the document from which each
candidate answer was extracted.
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TABLE V
CANDIDATE ANSWERS OBTAINED BY DECREASED ADDING, WHERE
“KYOTO” IS THE CORRECT ANSWER

Rank | Cand. ans. | Score Document ID
1 Kyoto 54 | 926324
2 Tokyo 2.8 | 259312, 451245, ...
3 Beijing 1.3 | 113127
TABLE VI

CANDIDATE ANSWERS OBTAINED BY DECREASED ADDING, WHERE
“TOKYO” IS THE CORRECT ANSWER

Rank | Cand. ans. | Score Document ID
1 Tokyo 4.3 | 259312, 451245, ...
2 Kyoto 3.3 | 926324
3 Beijing 2.3 | 113127

The system extracts linguistic expressions that match
the predicted expression type, as described above, from
the retrieved documents. It then outputs the extracted
expressions as candidate answers. For example, for
the question “Who is the prime minister of Japan?”,
the system extracts people’s names as candidate
answers from documents containing the terms “prime”,
“minister”, and “Japan”.

A. Prediction of Answer Type

1) Heuristic rules: The system we used applies manually
defined heuristic rules to predict the answer type. There are
39 of these rules. Some of them are listed here:

1) When dare “who” occurs in a question, a person’s name
is given as the answer type.

When itsu “when” occurs in a question, a time
expression is given as the answer type.

When doko “where” is in a question sentence and the
focus word in a question is not chiiki (area), basho
(location), or so on, an organizational expression is given
as the answer type.

When doko “where” is in a question sentence and the
focus word in a question is not kaisha (company),
soshiki (organization), or so on, a location expression
is given as the answer type.

When doko no kuni “what country” is in a question
sentence, a country expression is given as the answer
type.

When ’nani (what) + suffix” is in a question sentence,
the suffix is extracted as a unit expression.

When donokurai “how many” occurs in a question, a
numerical expression is given as the answer type. The
unit expression is estimated using the following method.

2)

3)

4)

5)

6)

7

Our system uses a new method, which we call unit
estimation, to obtain a correct unit expression answer. With
this method, we gather sentences containing expressions
like “UNIT-FOCUS + wa (be) + 'numerical expressions’ +
‘unit expressions’” and extract the unit expressions. We then

TABLE VII

AN EXAMPLE OF USING UNIT ESTIMATION

e k n P(e)
meetoru 50 128175 | 1.000000
(meter)
senchi 28 47050 | 1.000000
(centimeter)
miri 11 25897 | 1.000000
(millimeter)
kiro 11 99618 | 0.999996
(kilometer)
kounen 2 538 | 1.000000
(light-year)
hun 2 955808 | 0.000000
(minute)
yaado 1 2744 | 0.998205
(yard)
inchi 1 1865 | 0.999160
(inch)
hon 1 | 1625073 | 0.000000
(piece)
shaku 1 2146 | 0.998892
(shaku)

eliminate unnecessary unit expressions by applying a statistical
test based on a binomial distribution. Eliminated expressions
are as follows:

Unnecessary expressions = {t|P(e) < kp},

)

where P(e) is calculated by the following equation and k,, is
a constant identified based on experimental results.

Ple)= > C(n,r)p(u)" (1 —p(u)" ™", 2)

r=0

where C(x,y) is the number of combinations when we select
y items from x items, n is the number of times expression
e occurs in the corpus, k£ is the number of times the unit
expression e occurs in the pattern of “UNIT-FOCUS + wa
(be) + 'numerical expressions’ + ‘unit expressions”’ in the
corpus, and p(u) is calculated by

freq(u)

p(u) N

; 3)

where freq(u) is the frequency of the UNIT-FOCUS u
appearing in the corpus and N is the number of all characters
in the corpus. In this study, we used articles from newspapers
issued over a 10-year period [12] as the corpus for the unit
estimation calculation.

An example of using unit estimation is as follows. Consider
the question sentence 'X no nagasa wa dono kurai desuka?’
(What is the length of X?). In this case, we extract
a noun nagasa (length) as the UNIT-FOCUS and gather
candidate unit expressions using “nagasa + wa + numerical
expressions’ + ’unit expressions’”’. We obtain meetoru (meter),
senchi (centimeter), miri (millimeter), kiro (kilometer), kounen
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a predicted answer type [19]. We used only five named
entities as in our previous system [10].

When a country name is one of the predicted answer
types, add 1000 to candidates found in our dictionary
of countries, which includes the names of almost every
country (636 expressions).

When the question contains nani Noun X “what Noun
X7, add 1000 to candidates having the Noun X.

Our system has an additional function that is used after
answers are selected based on the scores. Our system compiles
answers that are part of other answers and whose score is less
than 90% of the best score. The system compiles answers by
retaining the longest one and eliminating the others. We call
this method rate-based answer compiling.

2)

3)

IV. How WE HANDLE CROSS-LANGUAGE
QUESTION-ANSWERING

We used commercially available translation software
to translate questions and documents. We translated the
questions into Japanese, to carry out the English-to-Japanese
question-answering tasks. In the English-to-Japanese tasks, the
questions were written in English and the documents were
written in Japanese. We output Japanese answers in response
to English queries.

V. EXPERIMENTS

In this section, we show the experimental results for
CLQA of NTCIR-5. Tables VIII to IX show these results.
We did one official run (NICT-E-J-01) and two unofficial
runs (NICT-E-J-u-01, NICT-E-J-u-02). After the formal run,
we made two additional runs (NICT-J-J--01, NICT-J-J--02).
We used the decreasing weights method with & = 0.3 in
NICT-E-J-01, NICT-E-J-u-01, and NICT-J-J--01. We did not
use it in NICT-E-J-u-02, and NICT-J-J--02. 200 questions were
given for each run. In the tables, “top 1” in the leftmost column
indicates that only one answer was evaluated for each question,
while “5 ans.” indicates that five answers were evaluated for
each question, in which case we used the top five answers.
“Acc”, “MRR”, and “Top5” are evaluation metrics. “Acc”
indicates the accuracy rate of the first answer. “MRR” indicates
a score of 1/r when the r-th submitted answer is correct.
“Top5” indicates the ratio when one of the top five answers
was correct. “*+U” indicates answers that were not supported
by a relevant document and were judged to be correct. No
“*+U” indicates only the answers that were supported and
were judged to be correct. Tables VIII shows the results
for the English-to-Japanese question answering tasks. Table
IX shows the results for the Japanese-to-Japanese task. The
Japanese-to-Japanese task is not relevant to NTCIR-5. We
did the experiments with NTCIR-5 to compare the results for
English-to-Japanese and for Japanese-to-Japanese tasks.

The experimental results indicate the following.

— The method of weighted adding was effective
(compare "NICT-E-J-u-01” and ”NICT-E-J-u-02”,
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or "NICT-J-J-u-01” and “NICT-J-J-u-02”).). In every
case, the accuracy of the method that uses weighted
adding was higher than that of methods that do not use
weighted adding.

— The  Japanese  monolingual  question-answering
tasks were easier than the Japanese-to-English
or English-to-Japanese  question-answering  tasks

(compare “NICT-E-J-u-01” and ”NICT-J-J--01”, and
”NICT-E-J-u-02”, and "NICT-J-J--02”).

Our cross-language (English-to-Japanese)
question-answering  obtained  about  half  the
accuracy of single-language (Japanese-to-Japanese)
question-answering (0.09/0.170 or 0.120/0.265). We
found that use of commercial translation software
answering in cross-language question answering
obtained about half the accuracy of single-language
question.

VI. CONCLUSION

We described a new method of using decreasingly weighted
multiple documents as evidence to improve the performance
of question-answering systems. Our decreased adding method
multiplies the score of the i-th candidate by k(~1) before
adding the score to the running total. We found experimentally
that 0.3 were good values for k. Our proposed method is
simple and easy to use, and scored much better than methods
that did not use decreased adding. These results demonstrate
the effectiveness and utility of our method. We used this
method for the CLQA part of NTCIR-5. We incorporated it
into a commercially available translation system that carries
out cross-language question-answering tasks. Our method
obtained relatively good results at CLQA.
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Using Sense Clustering
for the Disambiguation of Words

Henry Anaya-Sanchez, Aurora Pons-Porrata, and Rafael Berlanga-Llavori

Abstract—Clustering methods have been extensively used in
the solution of many Information Processing tasks in order
to capture unknown object categories. This paper presents an
approach to Word Sense Disambiguation based on clustering.
The underlying idea is that the clustering of word senses
provides a useful way to discover semantically related senses. We
evaluate our proposal regarding both fine- and coarse-grained
disambiguation. Experimental results over Senseval-3 all-words,
SemCor 2.0 and SemEval-2007 corpora are presented. Promising
values of precision and recall are obtained.

Index Terms—Word sense disambiguation, clustering.

I. INTRODUCTION

HE task of Word Sense Disambiguation (WSD) consists

of selecting the appropriate sense for a particular
contextual occurrence of a polysemous word. This task
can be specialized according to the sense definitions. For
instance, word sense induction refers to the process of
discovering different senses of an ambiguous word without
prior information about the inventory of senses [21]. On
the other hand, there are two major approaches for the
disambiguation when predetermined sense definitions are
provided: data-driven (or corpus-based) and knowledge-driven
WSD. Data-driven methods are supervised because they
require a learning model built from hand-tagged samples
to disambiguate words. Instead, knowledge-driven methods
exploit word relationships provided by a background
knowledge source, avoiding thus the use of samples. Currently,
lexical resources like WordNet [14] constitute the referred
source in most cases.

WSD can be seen as a categorization problem consisting of
assigning a category label (predefined sense) to each word. In
this way, data-driven approaches can be regarded as supervised
categorization methods, whereas knowledge-driven ones as
unsupervised.

Clustering is one of the most accepted unsupervised
categorization methods. It has been explicitly used in WSD for
two main purposes. The first one consists of clustering textual
contexts to represent different senses in corpus-driven WSD
(e.g. [17]) and to induce word senses (e.g. [18], [3]). The other
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purpose has been the clustering of fine-grained word senses
into coarse-grained ones for reducing the polysemy degree of
words (e.g. [13], [1]). However, clustering has not been used
as categorization method for WSD, that is, as a way to identify
sets of word senses that are semantically related.

In this paper, we present a knowledge-driven approach to
WSD based on sense clustering. Basically, our proposal uses
sense clustering to capture the reflected cohesion among the
words of a textual unit. More specifically, starting from an
initial clustering of all the possible senses for a textual unit,
clusters of senses with a high cohesion w.r.t the textual context
are selected. The senses belonging to the selected clusters are
grouped and selected again until all words are disambiguated.

The rest of the paper is organized as follows. First,
Section II presents our proposal for the disambiguation
of words. Section III describes some experiments carried
out over Senseval-3 all-words, SemCor 2.0 and SemEval
coarse-grained corpora. Finally, Section IV is devoted to offer
some considerations and future work as conclusions.

II. WORD SENSE CLUSTERING

In this section we address the problem of disambiguating a
finite set of words W = {wq, ..., w,} w.rtits textual context
T'. The underlying idea of sense clustering is that meaningful
word senses must be associated by means of a certain complex
relation, which is non-relevant for our purposes because we
are only interested in the senses it links. Hence, we propose
to identify cohesive groups of senses which are assumed to
represent different meanings for the set of words W. Finally,
those clusters that fit in with the context T' contain the suitable
senses.

Algorithm 1 shows the general steps of our proposal.
In the algorithm, clustering represents the basic clustering
algorithm which groups word senses and, filter denotes the
filtering process which selects the clusters that allow the
disambiguation of words in W. The filtering process is
described in Algorithm 2. Next paragraphs describe in detail
the whole process.

a) Topic signatures: In our approach word senses are
represented as topic signatures [12]. Thus, for each word sense
s we define a vector ({1 : 01,...,tm, : Om), where each t; is
a WordNet term highly correlated to s with an association
weight ;. The set of signature terms for a word sense includes
all its WordNet hyponyms, its directly related terms (including
coordinated terms) and their filtered and lemmatized glosses.
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runner # 1 = {<criminal,1.056>, <outlaw,1.055>, <ilegal,1.006>, <contrabandist,1.006>, ...}

runner # 2 = {<travel,1.056>, <carrier,0.930>, <arrive,0.930>, <distant,0.772>, <tourist,0.772>, ...}
runner # 3 = {<deliver,1.037>, <boy,1.006>, <announce,0.936>, <dispatch,0.772>, <message,0.718>, ...}
runner # 4 = {<bat,1.055>, <pitcher,1.037>, <base_runner,1.006>, <hit,0.930>, <manager,0.772>, ...}
runner # 5 = {<plant,1.056>, <fungus,1.005>, <structure,1.054>, <branch,1.037>, <foliage,0.930>, ...}
runner # 6 = {<race,1.056>, <olympic,1.049>, <trained,1.037>, <marathon,0.930>, <gold,0.772>, ...}
runner # 7 = {<carpet,1.056>, <covering,1.055>, <include,0.930>, <color,0.930>, <thick,0.930>, ...}
runner # 8 = {<device,1.056>, <light,1.055>, <instrument,1.055>, <metal,1.055>, <machine,1.037>, ...}
runner # 9 = {<atlantic,1.049>, <western,1.049>, <cape,1.006>, <vertebrate,1.006>, <tropical,1.006>, ...}
win # 1 = {<contest,0.654>, <gold,0.587>, <medal,0.587>, <contend,0.487>, <contestant,0.487>, ...}
win # 2 = {<acquire,0.66>, <receive,0.665>, <earn,0.662>, <possession,0.662>, <get,0.635>, ...}

win # 3 = {<score,0.587>, <advance,0.587>, <gain_ground,0.587>, <get_ahead,0.587>, ...}

win # 4 = {<goal,0.662>, <attempt,0.654>, <achieve,0.635>, <attain,0.635>, <reach,0.635>, ...}
marathon # 1 = {<task,0.518>, <endurance_contest,0.503>, <arduous,0.503>, <labor,0.465>, ...}
marathon # 2 = {<race,0.528>, <footrace,0.528>, <mile,0.503>, <yard,0.503>, <steeplechase,0.386>, ...}
marathon # 3 = {<battle,0.528>, <defeat,0.528>, <force,0.528>, <army,0.528>, <troop,0.528>, ...}

Fig. 1. Portion of the representation of senses.

A. An example

In this subsection we illustrate the use of our proposal in the
disambiguation of the content words appearing in the sentence
“The runner won the marathon”. In this example, the set
of disambiguating words W includes the nouns runner and
marathon, and the verb win (lemma of the verbal form won).
Also, in this case we consider that the context 7" is defined
as the vector representation of the filtered and lemmatized
sentence, i.e. T = (runner : 1,win : 1, marathon : 1). The
rest of words are not considered because they are meaningless.
As we use WordNet 2.0, we regard that the correct senses
for the context are runner#6, win#1 and marathon#2. In
Figure 1, an extract of the representation of all word senses is
shown.

Figure 2 graphically depicts the disambiguation process
carried out by our method in the disambiguation of word
senses. The boxes in the figure represent the obtained clusters,
which are sorted regarding the lexicographic order given by
the function compare (scores are under the boxes).

Initially, the set of all word senses is clustered using
the initial [B;=0.0498 (the 90th-percentile of the pairwise
similarities between the senses). It can be seen that the first
cluster comprises the sense runner#6 (the star), which is the
sense refering to a trained athlete who competes in foot races,
and runner#4, which is the other sense of runner related with
the sports. Also, it includes the sense win#1 that concerns
the victory in a race or competition, and marathon#2 that
refers to a footrace. It can be easily appreciated that this first
cluster includes senses that cover the set of disambiguating
words. Hence, it is selected by the filter and all other clusters
are discarded. After this step, S is updated with the set
{runner#6, runner#4, win#1, marathon#2}. !

In this point of the process, the senses of S do not
disambiguate W because the noun runner has two senses in
S. Also, the next value for the threshold is £y(2) = 0.1043.
Therefore, the disambiguation of words does not hold because
neither |S| = |W| nor By(i + 1) = 1. Consequently, a new
cluster distribution must be obtained using the current set S.

'In the figure, doubly-boxed clusters depict the selected ones by the filter.
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Iteration # 1, Bo= 0.049

runner # 6 win#4 runner # 8 win # 2 marathon # 3
runner # 4 runner # 4 runner # 7 runner # 2
win # 1 win # 2 win # 2 runner # 3 (1,017,-3)
marathon # 2 marathon # 1 runner # 8
(2,00,-17) win # 4
(3,0.69,-13) (3,00,-11) (2,00,-19)

’ runner # 1 H win#3 H runner #5 H runner # 9 ‘

(1,00,-1) (1,00,-3) (1,0.0,-5) (1,00,-9)

Iteration # 2, o= 0.104

[romer 6 | [mraton 2 ]| [win 1. [romer 2|

(1,0567,-6)  (1,0128,-2)  (1,00,-1)  (1,00,-4)

Fig. 2. Disambiguation of words in “The runner won the marathon”.

The set of boxes in the bottom of Figure 2 represents the
new clusters. In this case, all clusters are singles. Obviously,
the cluster containing the sense runner#4 is discarded
because the cluster that includes the sense runner#6 overlaps
better with the context 7', and therefore precedes him in the
order.

Then, the set of current senses becomes S = { runner#6,
win#1, marathon#2}, which includes only one sense for
each word in W, and thereby the disambiguation holds and
the process is stopped. Finally, the current set .S is returned
as the set of senses that disambiguates the verb win, and the
nouns runner and marathon.

III. EXPERIMENTAL RESULTS

In order to evaluate our approach, we consider the
disambiguation at two different levels of sense granularity.
A fine-grained disambiguation was evaluated by using both
a subset of SemCor 2.0 composed by all the documents of
brownl and brown2, and a version of Senseval-3 all-words
corpus (annotated with WordNet 2.0). In contrast, we use the
corpus provided by Task 7 of SemEval-2007 [16] to evaluate
the performance of our approach in a coarse-grained WSD.

As evaluation measures, we use the well-known Precision,
Recall and Coverage. In the fine-grained case we use their
respective “Without U” versions (defined as in Senseval-3
[20]), because there are some word senses in the corpora that
are not covered by WordNet 2.0.

In both cases, the disambiguation is performed at the
sentence level, i.e., we assume that there is just one correct
meaning per word in each sentence. Also, each context T is
defined as the vector representation (regarding all lemmatized
words) of the sentence.

A. Fine-grained WSD

In this case, we carry out two kinds of experiments. In the
first one, we disambiguate all words of each sentence (i.e., W
is the set of all meaningful words of the sentence), whereas in
the second one we only disambiguate nouns (the set W only

Polibits (40) 2009






TABLE V
WSD PERFORMANCE IN TASK 7 OF SEMEVAL-2007.
Word Category  Instances  Recall
Noun 1108 0.708
Verb 591 0.626
Adjective 362 0.787
Adverb 208 0.740
All 2269 0.702
TABLE VI

OVERALL COARSE-GRAINED PERFORMANCE.

System Fl

UPV-WSD [4] 0.786
Our method 0.702
RACAI-SYNWSD [9] 0.657
SUSSX-FR [10] 0.604
UOFL [5] 0.506
SUSSX-C-WD [10] 0.459
SUSSX-CR [10] 0.457
MES baseline 0.788

As it can be appreciated, like in the fine-grained experiments
the category of verbs significantly perform the worst. Also,
the other word categories increase their scores w.r.t the fine
grained case because of the relaxation of this new task.

In order to contextualize our results in the current
State-of-the-Art, we show in Table VI a comparison between
our results and those obtained by other unsupervised systems
that participated in SemEval-2007 along with the Most
Frequent Sense (MFS) baseline. Systems are ranked according
to their F1 score (harmonic mean between Precision and
Recall).

As it can be appreciated, our method obtains the second
highest score, which constitutes a good result. It is worth
mentioning that unlike most other methods, our proposal
does not use any external resource except WordNet, neither
the coarse-grained sense inventory provided by the task
organizers. Also, it is not used the MFS backoff strategy.

IV. CONCLUSION

In this paper a new approach for the disambiguation of
words has been proposed. Its novelty relies on the use of
clustering as a natural way to connect semantically related
word senses.

Most existing approaches attempt to disambiguate a target
word in the context of its surrounding words using a particular
taxonomical relation. Instead, we disambiguate a set of related
words at once using a given textual context. Besides, we use a
sense representation that overcomes the sparseness of WordNet
relations, and that relates semantically word senses.

Our proposal relies on both topic signatures built from
WordNet and the Extended Star clustering algorithm. The
way this clustering algorithm relates sense representations
resembles the manner in which syntactic or discourse relations
link textual components.
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We evaluate the proposed method according to both
fine- and coarse-grained disambiguation. In the experiments
carried out over Senseval-3 all-words, Semcor 2.0, and
SemEval-2007 coarse-grained corpora, promising results were
obtained. Our proposal achieves better recall values than other
knowledge-driven disambiguation methods over the whole
SemCor corpus in the disambiguation of nouns, and performs
very well in the SemEval-2007 coarse-grained disambiguation
task.

As further work, we plan to experiment with other levels
of disambiguation such as phrases and simple sentences to
explore its impact in the disambiguation task.
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Improving Named Entity Extraction Accuracy
using Unlabeled Data and Several Extractors

Tomoya Iwakura and Seishi Okamoto

Abstract—This paper proposes feature augmentation methods  To avoid or alleviate the construction of training data and
using unlabeled data and several Named Entity (NE) extractors. external lexical resources, a number of approaches that exploit
We collect NE-related information of each word (which we call unlabeled data have been proposed. For example, various

NE-related labels) from unlabeled data by using NE extractors. . L L .
NE-related labels which we collect include candidate NE class bootstrapping methods for finding rules and dictionaries from

labels of each word and NE class labels of co-occurring words. Unlabeled data have been proposed [13], [2], [14].

To accurately collect the NE-related labels from unlabeled data, =~ Another approach is semi-supervised learning, which
we consider methods to collect NE-related labels by using yses labeled and unlabeled data for training. For example,
outputs of several NE extractors. We use NE-related labels as the following approaches have been proposed and shown
additional features for creating new NE extractors. We apply . . L .

our NE extraction methods using the NE-related labels to IREX [© improve performance; co-training [15] automatically
Japanese NE extraction task. The experimental results show bootstraps labels, Expectation Maximization (EM) which has

better accuracy than the previous results obtained with NE a theoretical base of likelihood maximization of incomplete

extractors using handcrafted resources. data, and structural learning [12] which seeks shared predictive
Index Terms—Named entity recognition, unlabeled data, Structures jointly learning multiple classification problems.

combination of extractors. Feature augmentation methods using unlabeled data have

been also applied to Natural Language Processing (NLP) tasks

|. INTRODUCTION [16], [10], [11]. These techniques use word clusters created

AMED Entity (NE) extraction is one of the baSiCfrom unlabeled data by clustering algorithms as features. These
N technologies used in text processing like informatioﬂXperimental results by using word clusters as features have

extraction and question answering. NE extraction aims ﬁgown improving performance of supervised learning based

extract proper nouns and numerical expressions in text, s extractors [10], [11].

as persons, locations, organizations, dates, times, and so on.| IS Paper proposes feature augmentation methods for NE

To implement NE extractors, the following approaches af&tractions. Compared to the previous works, our methods
mainly used. The first approach is handcrafted-rule basksf candidate NE classes of words and candidate class labels
NE extractions [1]. The others are machine learning ondd, co-occurring words (NE-related labels which we call) as

such as unsupervised learning, semi-supervised learning gqx;%tures. We collect these NE-related labels from unlabeled

supervised learning. data. Furthermore, to collect NE-related labels accurately, our
In those machine leaning based methods, supervi§@8th°ds use outputs of several NE extractors. We use NE-

learning is widely researched recently [2], [3], [4], [5], [6],relate_d labels as new fe_atures for creating NE exf[ractors.

[7], [8], 9], [10], [11], [12]. Furthermore, supervised learning This paper is organized as follows. In section Il, we

based NE extractors have shown state-of-the-art performaf&scribe our Japanese NE extraction method. We describe
51, [6], [7], [9]. our collection methods of NE-related labels in section Ill and

In the supervised learing based approaches, informatf&POrt the experimental results on the IREX [17] Japanese NE
obtained with handcrafted lexical resources are often us@§k in section IV. Finally, we conclude the paper in section
as features for creating more accurate NE extractors. e
handcrafted lexical resources include gazetteers, proper noun
dictionaries, thesaurus, and so on. Experimental results Il. JAPANESENAMED ENTITY EXTRACTION
obtained with NE extractors using such handcrafted resources
have shown better performances than results obtained V\ﬁ
NE extractors without using them [3], [5], [6], [7], [8]. [9]-
However, the construction of the lexical resources is very tim
consuming.

problem of Japanese NE extraction is that each Japanese
consists of one or more words, or includes a substring of
_word. In this section, we present the chunk representations
or word chunks that become NEs at the first. Next, we
describe our Japanese NE extraction methods by combining
Manuscript received November 4, 2008. Manuscript accepted fthhe following methods; NE extraction by word-unit chunking

publication August 25, 2009. —_ _for extracting each NE that consists one or more words, and
Tomoya Iwakura and Seishi Okamoto are with Fujitsu Laboratori

Ltd., 1-1, Kamikodanaka 4-chome, Nakahara-ku, Kawasaki 211-8588, Jaﬁﬁ- eXtra_C“on by CharaCte.r'un't chunking fOI’ extracting e"’.‘Ch
({iwakura.tomoya,seish@jp.fujitsu.com) NE that includes a substring of a word. Finally, we describe
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TABLE Il
BASIC CHARACTER TYPE AND NUMBER TYPE

Character typel Hiragana (Japanese syllabary characters), Katakana, Kanji (Chinese |etter)

Capital alphabet, Lower alphabet, Others.
Number type | n <12, 25 <n, n <100, n < 2000, n < 2000

Word POS CharType NE label
H+  Noun-Surname Kanji+ B-ORG
f#fifi  Noun-General Kanji+ I-ORG
5] Noun-Suffix-General Kanji E-ORG
g Particle-Case-General Hiragana O

Z/ik  Noun-Verb-Connection Kanji+ S-LOC

1
Char POS CharType NE label of word Word Word NE
CharType label

H B-Noun-Surname Kanji B-B-ORG BHH  Kanji+ B-ORG
rh E-Noun-Surname Kaniji E-B-ORG i Kanji+ I-ORG
(63 B-Noun-General Kaniji B-I-ORG BE Al Kanji+ I-ORG
fifi E-Noun-General Kaniji E-I-ORG EEffi  Kanji+ I-ORG
S-Noun-Suffix-General Kaniji S-E-ORG 33 Kanji I-ORG
Y S-Particle-Case-General Hiragana S-O |13S- Hiragana O

Z B-Noun-Verb-Connection  Kanji B-S-LOC B5K  Kaniji (0]

K E-Noun-Verb-Connection  Kanji E-S-LOC Bk Kaniji B-LOC

Fig. 2. Feature expression for training: The top table is an example of word unit chunking one and the bottom table is character unit chunking one.

— Character types: If a word consists of only one create NE extractors without using the predicted labels
character, the character type is expressed by using the as features.
corresponding character types listed in Table II. If aworflo distinguish the same features appeared within 5-word
consisted of more than one character, the character typisdow, features of each word are expressed with the position
expressed by using a combination of the basic charact&sm the current word. For example, features of two preceding
types listed in Table I, such as Kanji-Hiragdnaf a word from the current positiori is expressed like “-2-th-
word is number, the character type is expressed by t@rd=w; " and “-2-th-POSPOS(w;_»)".
number-type determined by the number type range listedFor each NE label set, the following NE extractors are
in Table II. created: NE extractors start parsing from either the beginning
Let CT(w) be the character type of a word. We or end of sentence direction, and NE extractors parse sentences
use CT(w;—2), CT(wi-1), CT(w;), CT(w;+1) and without using the predicted labels as features. Finally, we
CT(w;42) as features. implement(5 x 3) = 15 NE extractors.

— NE labels of preceding words: We use NE labels
assigned to the preceding two words in the extractiah, Named Entity extraction by character-unit chunking

dlrect!on as fe_atures. Kudo and Matsumoto proposed toJapanese NEs sometimes include a part of a word becoming
combine English base phrase parsers by voting [20],

To create several Endlish base phrase parsers from eginning or end of an NE. To extract Japanese NEs including
9 P P a part of a word, we apply a character-unit-chunking method.

training corpus, they use distinct chunk representanonFor example, the > (visit U.S.A)" in * i (Tanakaj

with two parsing directions (Forwaf@ackward). We Hi(missi N AL
! . LT mission}d(party)lZ (particleEfj K (visited U.S.A) (Tanaka
also consider the two parsing directions to create ission party visit U.S.A). “ dose not match with

extractors. Let beVEL(w) the NE label assigned to 4| OCATION “X(U.S.A)” because this sentence is tokenized

Wford whtlfrt]he p:/sr3|nsgzj§%r;ctlpn is ;hdej\?gczto .the begll}jls “ rf1 (Tanakay ff ffi(mission) /[Hi(party)/ 1 (particley 3

of a sentence, we USW EL(w;—) a (wi—1) as J(visited U.S.A)", where ;" indicates a word boundary.
features. If the parsing direction is the begin to the en To solve this problem, we use a character-unit-chunking-
?f ? sentelnce,d\(/ﬁ U%Eféwirl) and NELé.w”i) a5 pased NE extraction algorithm [8], [9]. Figure 2 shows the
eatures. In addition fo the two parsing direction, W%xamples of a word-unit-chunk representation in the top and
. a character-unit-chunk representation in the bottom. 2.

2The same character type sequence expressed more than one time is denot foll he b del of h d f

by the character type and “+". For example, character types of “Yamada” are € '0 ow the best model of Asahara an 8 Matsumoto [8] or .
“Capital-alphabet&Small-alphabet+”. selecting features and chunk representation of character-unit
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TABLE IV
TRAINING AND EVALUATION DATA FOR JAPANESENE EXTRACTION IN THIS EXPERIMENT
Training Evaluation
NE / Data CRL formal-run formal-run  domain-specific ~ dry-run  dry-ruff Total
data GENERAL  ARREST training training
ARTIFACT 871 49 13 11 42 67 182
DATE 3654 277 72 69 110 137 665
LOCATION 5660 416 106 165 192 255 1134
MONEY 390 15 8 19 33 32 107
ORGANIZATION 3813 389 74 80 214 270 1027
PERCENT 500 21 0 3 6 19 49
PERSON 3870 355 97 94 169 138 853
TIME 503 59 19 18 24 8 128
Total [ 19261 [ 1581 389 459 790 926 H 4145
TABLE V

NE EXTRACTION RESULT WITHOUT UNLABELED DATA (Fjg—1): “-F", “-B”, AND “-N" INDICATE FORWARD DIRECTIONNE EXTRACTION, BACKWARD
DIRECTION NE EXTRACTION, AND NE EXTRACTION WITHOUT USING PRECEDINGNE LABELS, RESPECTIVELY AV.(Fj3—1) AND AV.RANK ARE FOR FIVE

PIECES DATA
Chunk CRL formal-run | formal-run | domain-specific| dry-run | dry-run Av. Av.
Rep./ Data | Cross || GENERAL | ARREST training training || (Fg—=1) | rank
10B1-F 82.97 84.17 86.02 88.94 81.32 82.10 83.89 8.6
10B1-B 83.85 83.88 84.69 88.84 81.85 84.06 84.18 8
10B1-N 81.67 80.50 82.64 86.93 79.43 79.64 81.04 17.2
10B2-F 85.11 82.92 85.56 87.95 80.27 81.49 82.92 14
10B2-B 86.07 84.03 84.84 89.23 81.98 83.74 84.25 6.8
10B2-N 81.60 83.53 84.44 88.72 81.11 82.65 83.55 13.4
I0E1-F 82.01 83.79 85.87 89.26 81.37 81.87 83.73 10.4
I0OE1-B 82.64 83.80 84.65 88.69 81.74 83.77 84.04 10
IOE1-N 81.65 80.52 82.79 86.46 79.27 79.38 80.92 17.6
IOE2-F 82.70 84.65 85.90 89.94 82.68 81.78 84.36 4.8
I0E2-B 83.23 84.00 84.76 89.31 81.50 83.56 84.11 8.2
I0E2-N 81.60 84.11 87.25 89.35 82.77 82.09 84.30 4.8
SE-F 85.15 83.95 84.46 89.66 82.15 80.87 83.62 10
SE-B 85.90 83.67 85.52 89.46 81.85 83.11 84.03 8.4
SE-N 85.85 85.49 86.13 90.47 83.27 83.80 85.83 1.6
TABLE VI
EXPERIMENTAL RESULTS OF OUR PROPOSED METHODS ANSE-NOF THE BASE LINE(F@Zl)Z AV.(F5:1) AND AV.RANK ARE FOR FIVE PIECES DATA
CRL formal-run | formal-run | domain-specific| dry-run | dry-run Av. Av.
Cross GENERAL | ARREST training training Fg—; rank
base line 85.85 85.49 86.13 90.47 83.27 83.80 85.83 5
Method 1 || 87.54(+1.69) 87.20 90.31 92.05 84.37 85.68 87.92 (+2.09) | 2.8
Method 2 88.04(+2.19) 86.06 89.84 92.51 84.95 85.47 87.77 (+1.94) 3.4
Method 3 88.26(+2.41) 86.41 91.85 92.61 85.49 85.94 88.46(+2.63) 1.6
Method 4 || 88.5(Q+2.65) 87.09 90.20 91.78 85.49 86.13 88.14 (+2.31) 2

The goal is to find a decision function that predigtéor an 1I-C into a binary vector as the input of SVMs. We associate
unseerz € R™. A SVMs classifier gives the decision functioneach feature with one of the elements of a vector space. Thus,
f(x) = sign(g(x)) for an input vectorr where the dimension of the vector space is equal to the number of
the types of features. When converting a set of features into
a binary vector, we set each element in a vector to 1 if the
corresponding feature of the element is included in the set of
features, and we set the other elements to O.

g(x) = ZziesvaiyiK(% zi) +b.

f(z) = +1 means that is a positive member, anf(z) = —1
means that is a negative member. The vectgrare called
support vectorsy; € {—1,+1} is the label ofz; and 0 <
«o; is the weight ofz;. Support vectors and other constants We used the “one-versus-rest method” for extending binary
are determined by solving a quadratic programming problefiassifiers to N-class classifiers, and preparedl binary
The K(z,z) is a kernel function that maps vectors into &lassifiers, between a class and the remaining the classes.
higher dimensional space. We use the polynomial kernel of
degree 2 given by (z, z) = (14a-2)* because NE extraction  This method may involve two or more classifiers which
results with the polynomial kernel of degree 2 have showgive +1 or no classifier give+1. In order to solve the
the best performance in [6], [8], [9]. We used the soft-margifroblems, we used the Viterbi search. Since SVMs outputs
parameter with a value of 1, which is the same value useddfe not probabilities, we use the sigmoid functiga) = 1/
past experiments with SVMs [6], [9]. (14 exp(—pFz)) with 8 = 1 to mapg(z) to a probability-like

We convert each set of features described in section 11-B awalue [23].
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Ranking of NE-related labels This information is the
ranking of candidate NE class labels for each word. Each
ranking is decided with their frequencies counted from
the parsed results. For the ranking in the candidate NE—
class labels of I #1(Tanaka), “S-PERSON" is ranked

as the first, and “B-ORG” is ranked as the second. As
the ranking of the candidate NE class labels of words
appeared in the next oftfi H1(Tanaka), “O” is ranked

as the first, and “E-ORG” is ranked as the second.

In this experimental setting, up 95 (= 3x33x5) features
are collected for each word because we collect words with
the candidate NE class labels of the two preceding and two—
succeeding word positions in addition to the current word ones.
We used the NE-related labels in the word-unit chunking
as features. As a result, up 475 (= 495 x 5) features are
added when training and extraction because we used features their characteristics.

of words within 5-word window in addition to the current
word features.

NE extractors
We collect NE-related labels of words as follows:

By using this method, the collected NE-related labels of
words have better precision than Method 1, but the recall
is worse.

Method 3: Collect NE-related labels from all the NE
extractor outputs. By using this method, the collected
NE-related labels of words are better recall than Methods
1 and 2, but the precision is worse than those two
particular methods. When we use this method, we use
the average frequencies of extracted results obtained from
15 NE extractor outputs as the frequencies of NE-related
labels.

Method 4: Collect NE-related labels of words by using
Methods 1, 2 and 3, and all the NE-related labels are
used as features differently. By using all the NE-related
labels from Methods 1, 2 and 3, an NE extractor uses all

For collecting NE-related labels by using NE extractors
based on distinct

chunk representations as the SE

representation, we convert the NE extractor outputs into
B. Collection methods of NE-related labels by using severdle SE representation.

Step 1: Create NE extractors from a given training dag]z

by using SVMs. We create 15 NE extractors as describ
in Section II-A.

Step 2: Extract NEs from unlabeled data with the NE
extractors created in Step 1.

Step 3: Collect NE-related labels from the automatically
labeled data in Step 2.
Step 4: Add the collected NE-related labels in Step 3 to
the same training data used in Step 1 as new features.
Step 5: Construct a new NE extractor from the training —
corpus created in Step 4 by using SVMs. As for the
model of the new NE extractor, we use the same model
of the best NE extractor model in the 15 extractor created
at Step 1. When the new NE extractor extracts NEs, the
collected NE-related labels are also used as features.

Some problems of using parsed results for collecting NE-
related labels of words are noise and low coverage caused
by wrong extraction. To avoid these problems as much as™
possible, we consider the following methods used at Step 3
and 4.

Method 1: Collect NE-related labels of words from a
parsed result with using an NE extractor. We use the NE
extractor which shows the best accuracy of all 15 NE
extractors and we use the F-measurg(;) as a measure

A problem of parsing large data by SVMs based NE
extractors is the processing speed [6], [21]. To improve

processing speed of SVMs based NE extractors, we
Polynomial Kernel Expanded (PKE) method [21], which

&B8nverts a kernel-based classifier into a simple linear classifier
y expanding all feature combinations.

IV. EXPERIMENTS

A. Experimental Settings
We used the following data.

Training and Evaluations data: We used the six pieces of
Japanese NE data prepared by IREX [17]. We used CRL
data for training and evaluation with cross-validation. We
used the five data for evaluation, consisting of formal-
run GENERAL, formal-run ARREST, domain-specific
training data, dry-run data and dry-run training data.
Table IV lists the statistics of NE types for each data
set.

Unlabeled data: We used 10-year period news articles:
The news articles are the Mainichi Shinbun over a 10-
year period between 1991 and 1993, 1995 and 1998,
and 2000 to 2002. To keep the five pieces of evaluation
data fully unseen in the training phases, we excluded the
1994 and 1999 news articles because they include the
evaluation data.

of accuracy. We think that the collected NE-related labeWe did the following experiments.

of words by this method archive moderately good for —
recall and precision.

Method 2: Collect NE-related labels of words from each
word chunk which all the NE extractors extract the word
chunk as the same NE class. Even if one of the outputs
of NE extractors to a word chunk is different from the
outputs of the others, the word chunk is just ignored.

35

Five-fold cross-validation on CRL data: We split CRL
data into five pieces data. Each piece data consists of
about1/5 articles included in CRL data. We separately
collected NE-related labels for each classifier created
from 4/5 size of CRL data. We totally pars€@d5+10) =

750 years amount of newspaper articles because we
created(15 x 5) = 75 extractors for cross-validation. We
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1 to 4 with 5 year news articles. The F-measure scores sifowed higher performance than the previous best results
Methods 1, 2 and 3 were also worse than the correspondimging handcrafted lexical resources.

Methods with 5 year news articles. A reason seems to be noise
given by much number of NE-related labels of words.

One of the methods to solve the problem what we thinlil]
is utilization of richer information as features, such as large
context information, phrase information [9] and dependency
information, and so on, may be effective. The other is prunin%]
of NE-related labels by using a threshold value like thei
frequencies and their ranking.

C. Comparison with Previous Work [3]

Table VIII lists the results of the previous works using IREX
Japanese NE extraction tasks. Compared to previous work4]
our base line showed relatively higher performance without
using additional lexical resources. The result showed that thsg;
combination of a word-unit NE extraction and a character-
unit NE-extraction is effective for Japanese Named Entit)['e]
Extraction.

All the results obtained with our Methods 1 to 4, whichl7]
use CRL data and unlabeled data of 10 year news articles for
training, showed higher performance than the previous beg
results on IREX GENERAL and ARREST tasks. Uchimoto
et al. [3] used a handcrafted NE dictionary and training dat%]
consisting of CRL data, dry-run data, dry-run training data,
and domain-specific training data, for creating a maximufio]
entropy (ME) model based NE extractor. Isozaki and Kazawa
[6] used NTT GOI Taikei [27], which is a handcraftedsy)
thesaurus and CRL data for training. These results showed
that NE-related labels of words collected from unlabeled da[B]
are useful just as well as handcrafted resources.

Our results showed higher performance than the
handcrafted-rule based NE extractor [1] and the NE
extraction combining outputs of three NE extractors bys
stacking [24].

Our methods showed better performance than a charactéf!
unit chunking using n-best morphological analysis results
and NTT GOI Taikei as features [8]. However, our methods5]
showed slightly worse performance than methods usinl%]
Japanese base phrase information and NTT GOl Taikei
[9], [25] and gazetteers induced from web documents and
Wikipedia [26]. The reason seems to be the difference E’Q
features. We think that we can improve performance of olr
NE extractors by using features used in their character-unit
chunking algorithms. [19]

V. CONCLUSION 20]
This paper proposes feature augmentation methods using

unlabeled data and several Named Entity (NE) extractors. O¢H
feature augmentation techniques collect candidate NE clz@e}
labels of words and NE class labels of co-occurring worgss]
from unlabeled data parsed with several NE extractors. Tz?t]
experimental results with IREX GENERAL and ARRES

tasks showed that NE extractors with our proposal methods
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Revised N-Gram based
Automatic Spelling Correction Tool
to Improve Retrieval Effectiveness

Farag Ahmed, Ernesto William De Luca, and Andreas Niirnberger

Abstract—We present a language-independent spell-checker
that is based on an enhancement of the n-gram model. The spell
checker is proposing correction suggestions by selecting the most
promising candidates from a ranked list of correction candidates
that is derived based on n-gram statistics and lexical resources.
Besides motivating and describing the developed techniques, we
briefly discuss the use of the proposed approach in an application
for keyword- and semantic-based search support. In addition, the
proposed tool was compared with state-of-the-art spelling

correction approaches. The evaluation showed that it
outperforms the other methods.
Index terms—Spelling correction, n-gram, information

retrieval effectiveness.

I. INTRODUCTION

HE problem of devising algorithms and techniques to

automatically correct words in texts has become a
perennial research challenge. Work began as early as the
1960s on computer techniques for automatic spelling
correction and automatic text recognition, and it has continued
up to the present. There are good reasons for the continuing
research efforts in this area in order to improve quality and
performance and to broaden the spectrum of possible
applications [1]. For example, even though system programs
(language processors, operating systems, etc.) have become
increasingly powerful and sophisticated, they do not assist the
user (with very few exceptions) in correcting many of the
obvious spelling errors in the source input. There are two
types of word errors, the real-word error and the non-word
error. Real-word errors are misspelled words that have a
meaning and can be found in a dictionary. Non-word errors
are words that have no meaning and are thus not included in a
dictionary. We concentrate on the correction of the non-word
error with the proposed algorithm. Damerau (1964) found that
80% of misspelled words that are non-word errors are the
result of a single insertion, deletion, substitution or
transposition of letters [2]. Therefore, it seems reasonable to
base correction algorithms on measures that consider these
simple operations. However, approaches based on pure n-
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gram statistics (which account for these operations implicitly)
have also proven to provide good performance [1, 15].

In this paper, we propose an approach that is based on an
enhancement of the n-gram model. Therefore, we first discuss
briefly, related work on spelling correction in Section 2.
Afterwards, we describe, in detail, in Section 3 our spell
checking approach MultiSpell. In Section 4, we present an
evaluation based on benchmark data sets in the English and
Portuguese language and conclude with a brief discussion.

II. APPROACHES OF SOME SPELL CHECKERS

Algorithmic techniques for detecting and correcting spelling
errors in text have a long and robust history in computer
science [1]. Many approaches have been applied since people
started to deal with this problem. Different techniques like edit
distance [4], rule-based techniques [10], n-grams [20],
probabilistic techniques [14], neural nets [15], similarity key
techniques [16, 17] and noisy channel model [18, 19] have
been proposed. All of these are based on the idea of
calculating the similarity between the misspelled word and the
words contained in a dictionary. In the following, we describe
briefly one of the most popular approaches (Aspell) and one
recently proposed approach for the Portuguese language
(TST) [13] that we used for comparison.

GNU Aspell, usually called just Aspell, is a standard spell-
check software for the GNU software system. There are
dictionaries for about 70 languages available. GNU Aspell is a
Free and Open Source and can be downloaded under
http://aspell.sourceforge.net/. In contrast to Ispell, which
suggests words with small edit-distance, Aspell in addition
compares sounds-like equivalents (computed for English
words using the metaphone algorithm [21]) up to a given edit
distance.

The Ternary Search Trees [13] approach (TST) is a
dictionary data structure working with string-keys. It can find,
remove and add these keys quickly and also easily search the
tree for partial matches. Additionally, near-match functions
can be implemented. These give the possibility to suggest
alternatives for misspelled words.

For a more conclusive overview of spell-check approaches
see [1, 15].
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w, s and w; ¢ of the correction candidate W, i.e. even if the n-
gram W', 5 is similar to W, ; this would not count towards the

similarity score of the words W' and W .

W W W W W W
‘“ 11 I Wias I Wiy H Wias I Wise I |“ W

Y

Al "

aa o W, | Was | Wse [

11 Was

Wi

W; Wi, o

Fig. 1. Bigram comparison for misspelled word w’ and a correction candidate
w using a comparison window of size 3. Notice that the first and last n-gram
represent the first and the last letters only and are therefore always of size one.

Overall, the computation of the similarity score S for a
given n-gram size N and a given odd-numbered window size
m can be defined as follows, assuming that U is the longer
word (if v is longer than u and v can simply be exchanged):

Sn,m (U,V) =

m-1

2
Z (Ui ity Vicjis jocnny)
1

lul—n+1

9QUL Vi) + U Vi) + D
i=2

. m
iy
N
()
1 ifa=b
where g(a,b) = ) and
0 otherwise
U= substring(u,i, j) ifi<=]j
R otherwise.

Here, g(u,,,v,,) compares the first and g(u‘u‘,‘u‘,v‘v‘ylv‘)

the last characters of the words Uand v and the nested sum
counts the number of n-grams in v that are similar to n-grams
in a window of size maround the same position in word V.
N is computed similarly as in Eq. (1). In Fig. 2 the specific
cases that have to be considered when computing the
similarity score S are summarized.

D. The MultiSpell Algorithm

The first stage of the MultiSpell algorithm is to compare the
keywords given from the user with the correct words
contained in the dictionary. First of all, we check based on the
used dictionary (here, based on the words extracted from
MultiWordNet) if the word is misspelled. If this is the case,
the algorithm builds n-grams for the misspelled word. Then
we select correction candidates from the dictionary. In order to
keep the number of correction candidates as small as possible,
we select only words as candidates that are two charters
shorter or longer than the misspelled word. This is motivated
by the work of Turba [11], who has shown that most
misspelled words differ in length only by one character from
the correct word.
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For the selected words the n-grams are computed and the
similarity score is computed according to Eq. (2). The
correction candidates can then be simply sorted by the
obtained similarity score and the word with the highest score

is proposed as the best correction candidate.

Case 1 -misspelled i first position m=1, used for weight assigning

- NN
ol T T[]

Case 4- misspeled inm position where m>2; m<i-1;
HEE DEN

|

w2 mloom g ‘ J ‘
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.

|:| m | ml 12 ! ]

Case §- misspelled inthe position -1 where m=i-1;

EjEEEE §
(] T |

Case 3- misspelled in m position wherem>=2, m<i-2;

HiZEE EEEEEN

Case 6- misspelled in the position i-L where i),
HiEE ]

—  —

(1 [ el 1115 (1Tl
Legud Case 7 - misspelled in the the position -1 where i<,
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B Mo — e DR

directions
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Fig. 2. Comparing n-grams based on the MultiSpell algorithm.

E. Spelling Correction for Keyword- and Semantic-based
Search Support

MultiSpell has been also integrated as a pre-processing
approach in the Sense Folder Framework [25]. It can be
applied to queries and documents, in order to support users
during keyword-based and semantic-based search. The first is
an important task for retrieving the relevant documents related
to the query identifying the misspelled words and correct them
for a correct interpretation [23] (see also Fig. 3). The second is
specifically trying to improve the semantic search process
[24]; therefore several problems have to be addressed, before
the semantic classification of documents is started. When
users mistype the query in writing, the system has to be able to
give correction alternatives to continue the semantic-based
search.

The semantic-based search differs from the “normal”
search, because users are “redirected” to semantic concepts
that could describe their query. This semantic support is
provided in the user interface. On the left side of the user
interface (see Fig. 4) suggestions are generated by MultiSpell
and presented to the user for starting the semantic-based
search.

In this case, the use of Multispell is mostly helpful, not only
because it performs an efficient correction (as shown in
Fig. 3), but also because it can “redirect” the user to a
semantic search (see Fig. 4). Thus, if the user types a word
that is not contained in the lexical resource used, the system
can suggest other “similar” words according to the words
found in the resource. Then, a semantic classification is started
using the words selected by the user.
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IV. COMPARISON AND EVALUATION OF RESULTS

In the following, we show results of some experiments done
for the English and Portuguese language. The first evaluation
was done on the whole English commonly misspelled word
list provided in [12]. Afterwards, we compared the results of
our spell checker MultiSpell with the results of the TST
approach (in one experiment, for the Portuguese language)
and of the Aspell approach (in two experiments, for the
Portuguese and the English language), showing that the
proposed approach always achieved the best results.

For the first evaluation, we used the whole list of commonly
misspelled words in English consisting of 3975 words as
published in [12]. This list of common spelling mistakes is
represented by a table consisting of two columns. The first one
shows the misspelled word, the second the correct spelling.
For the evaluations, we only considered the correction words
that were ranked as best correction word, i.e., even if the
second word would have been the correct candidate, this was
counted as a wrong correction. We first used all misspelled
words of the list, using the bigram case and just the first
candidate correction. MultiSpell corrected 3334 misspelled
words (84%) and failed for 641 misspelled words (16%)
although it provided similar corrections in many cases. For
example the word advice was suggested instead of advised for
the misspelled word advised. Another example is the provided
correction algebraically instead of algebraic for the misspelled
word algebraical (see Table V in the Appendix). These
suggestions were classified as wrong in our approach, even
though they belong to the same word sense. Second, we used
trigrams. This showed lower performance and efficiency.
MultiSpell corrected 2900 words (73%) and failed for 1075
(27%) as shown in Table II.

A. Evaluation of English Spelling Correction

For the second evaluation, we randomly selected a set of
only 120 misspelled words obtained from Wikipedia [12] and
not the whole list. All error types and starting letters of the
words were taken into account. We compared MultiSpell with
Aspell, MicrosoftWord, and Google. Since Aspell provides a
list of candidate corrections we took just the first candidate
from the list assuming that the first candidate is the most likely
one proposed by the algorithm. MicrosoftWord and Google
provided only one correction candidate. Table III and Table V
(in the Appendix) show that MultiSpell finds the correct
spelling for 109 words (90%). In comparison, Google can
correct 106 (88%) words, while Aspell and MicrosoftWord
105 words (87.5%). MultiSpell detected 6 of 16 of the
multiple correction words (which have more than one possible
correction), but it doesn’t fail to provide at least one correct
suggestion. Aspell detected just two of the multiple
corrections and it failed just one time to provide a suggestion
for one of the multiple corrections.
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TABLEII
COMPARISON BETWEEN BIGRAM AND TRIGRAM IN WHOLE ENGLISH DATA SET
(3975 WORDS).

bigram trigram
correct 3334 (84%) 2900 (73%)
wrong 641 (16%) 1075 (27%)
TABLE III
COMPARISON OF MULTISPELL, ASPELL, MICROSOFT WORD
AND GOOGLE FOR ENGLISH.
MultiSpell Aspell Microsoft Word ~ Google
correct 109 (90%) 105 (87.5%) 105 (87.5%) 106 (88%)
wrong 11 (10%) 15 (12.5%) 15 (12.5%) 14 (12%)
TABLE IV
COMPARISON OF MULTISPELL, ASPELL
AND TST FOR THE PORTUGUESE LANGUAGE.
MultiSpell TST Aspell
correct 97 (80%) 78 (65%) 65 (54%)
wrong 23 (20%) 42 (35%) 55 (46%)

B. Evaluation of Portuguese Spelling Correction

The last evaluation was done for the Portuguese language.
Bruno and Mario [13] implemented an algorithm using
Ternary Search Trees (TST). The authors show experiments in
correcting a list of some Portuguese words and comparing
their results with Aspell. Here we compared MultiSpell on the
whole list (120 Portuguese words) available from their
experiments explained in [13], applying our algorithm and
comparing it with the Aspell and TST algorithm. Given that
MultiWordNet does not provide any Portuguese word senses,
we used the dictionary made available from [13] comparing
the approaches. Our algorithm succeeded to correct 97
misspelled words (80%), TST succeeded to correct 78
misspelled words (65%) and Aspell succeeded to correct 65
misspelled words (54%) as shown in Table IV and Table VI
(in the Appendix).

IV. CONCLUSIONS

In this paper we proposed a language-independent spell-
checker that is based on an enhancement of a pure n-gram
based model. Furthermore, we presented evaluations on
English and Portuguese benchmark data sets of misspelled
words. The obtained results outperformed other state-of-the-
art methods. In future work, we plan to further optimize the
algorithm and data structure used to compute the similarity
scores. Furthermore, the algorithm should be tested on data
sets for other languages.
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Misspelling Correct Spelling Aspell Microsoft word Google MultiSpell
gouvener governor governor souvenir gouverneur convener
gurantees guarantee guarantee guarantee guarantee guarantee

guerrila (guerilla, guerrilla) guerrilla guerrilla guerrilla (guerilla, guerrilla)
guerrilas (guerillas, guerrillas) guerrillas guerrillas guerrillas (guerillas, guerrillas)
Guiseppe Giuseppe Giuseppe Giuseppe Giuseppe Giuseppe
habaeus (habeas, sabaeus) habeas habitués habeas sabaeus
hierarcical hierarchical hierarchical hierarchical hierarchical hierarchical
heros heroes heroes heroes heroes herbs
hypocracy hypocrisy hypocrisy hypocrisy hypocrisy hypocrisy
independance Independence Independence - Independence Independence
intergration integration integration integration integration integration
intrest interest interest interest interest interest
Johanine Johannine Johannes Johannes Johannes Johannine
judisuary judiciary judiciary judiciary - judiciary
kindergarden kindergarten kindergarten kindergarten kindergarten kindergarten
knowlegeable knowledgeable knowledgeable knowledgeable knowledgeable knowledgeable
labatory (lavatory, laboratory) (lavatory, laboratory) (lavatory, laboratory) laboratory (lavatory, laboratory)
lonelyness loneliness loneliness loneliness loneliness loneliness
legitamate legitimate legitimate legitimate legitimate legitimate
libguistics linguistics linguistics linguistics linguistics linguistics
lisence (license, licence) licence silence licence licence
mathmatician mathematician mathematician mathematician mathematician mathematician
ministery ministry ministry ministry ministry ministry
mysogynist misogynist misogynist misogynist misogynist misogynist
naturaly naturally naturally naturally naturally naturally
ocuntries countries countries countries countries countries
paraphenalia paraphernalia paraphernalia paraphernalia paraphernalia paraphernalia
Palistian Palestinian Alsatain politian Palestinian Palestinian
pamflet pamphlet pamphlet pamphlet pamphlet pamphlet
psyhic psychic psychic psychic psychic psychic

Peloponnes Peloponnesus Peloponnese Peloponnese Peloponnese Peloponnesus
personell personnel personnel personnel personnel personnel
posseses possesses possesses possesses possesses possess

prairy prairie priory prairie prairie airy
qutie (quite, quiet) quite quite cutie queue
radify (ratify,ramify) ratify ratify ratify ramify
reccommended recommended recommended recommended recommended recommended
reciever receiver receiver receiver receiver reliever
reconaissance reconnaissance reconnaissance reconnaissance reconnaissance reconnaissance
restauration restoration restoration restoration restoration instauration
rigeur (rigueur, rigour, rigor) rigger rigueur - (rigueur, rigour)
Saterday Saturday Saturday Saturday Saturday Saturday
scandanavia Scandinavia Scandinavia Scandinavia Scandinavia Scandinavia
scaleable scalable scalable - scalable scalable
secceeded (seceded, succeeded) succeeded succeeded seceded succeeded
sepulchure (sepulchre, sepulcher) sepulcher sepulchered sepulcher sepulchre
themselfs themselves themselves themselves themselves themselves
throught (thought, through, (thought, through) (thought ,through) throat (thought ,through,
throughout) throughout)
troups (troupes, troops) (troupes, troops) troupes troops troops
simultanous smultaneous simultaneous simultaneous simultaneous simultaneous
sincerley sincerely sincerely sincerely sincerely sincerely
sophicated sophisticated suffocated supplicated - sophisticate
surrended (surrounded, surrounded surrender surrender surrounded
surrendered)
unforetunately unfortunately unfortunately unfortunately - unfortunately
unnecesarily unnecessarily unnecessarily unnecessarily - unnecessarily
usally usually usually usually usually usually
useing using using using using seeing
vaccum vacuum vacuum vacuum vacuum vacuum

45

Polibits (40) 2009






Revised N-Gram based Automatic Spelling Correction Tool to Improve Retrieval Effectiveness

Correct Form Spelling Error TST Aspell MultiSpell
ipsilon ipslon ipsilon ipsilon ipsilon
irisar irizar irisar razar irisar
irupgao irrupcao - - irupgao
jeropiga geropiga jeropiga Georgia jeropiga
juiz juiz - juiz Juiz
lampido lampedo lampido sarjeta campeéo
léem 1ém lés lema léem
linguista linguista - linguista linguista
lisonjear lisongear lisonjear lisonjear lisonjear
logotipo logotipo logo tipo logo tipo logétipo
macigo massigo massico massico massudo
majestade magestade majestade majestade majestade
manjerico mangerico manjerico manjerico manjerico
manjerona mangerona tangerina tangerina manjerona
meteorologia metereologia meteorologia meteorologia meteorologia
miscigenagao miscegenacao miscigenagao miscigenagao miscigenagio
nonagésimo nonagessimo nonagésimo nonagésimo nonagésimo
ocednia oceania ocednia Oceania ocednia
oficina ofecina oficina oficina oficina
oprobrio oprobio aeroébio prébio oprobrio
organograma organigrama organograma - organograma
paralisar paralizar paralisar paralisar paralisar
perserveranga preseveranga perserveranga perserveranga perseverance
persuasao persuagao persuasao persuasao persuasao
pirinéus pirenéus - pirinéus pirinéus
pretensioso pretencioso pretensioso pretensioso pretensioso
privilégio previlégio privilégios privilégios privilegios
quadricromia quadricomia quadricromia quadriculai quadricromia
quadruplicado quadriplicado quadruplicado quadruplicado quadruplicado
quasimodo quasimodo - quisido quasimodo
quilo kilo quilo Nilo dilo
quilograma kilograma holograma holograma holograma
quilémetro kiléometro milimetro milimetro quilémetro
quis quiz quis qui juiz
rainha rainha rainha rainha rainha
raiz raiz - raiz raiz
raul rail raul Raul raul
rectaguarda retaguarda rectaguarda - rectaguarda
rédea rédia rédea radia radia
regurgitar regurjitar regurgitar regurgitar regurgitar
rejeitar regeitar rejeitar regatar receitar
requeiro requero requere requeiro requer
réstia réstea réstia resta réstia
rubrica ribrica ribreca rubrica rubrica
saem saiem saiam saem caiem
saloiice saloice baloice saloiice saloiice
sarjeta sargeta sarjeta sarjeta Sarjeta
semear semiar semear semear Semear
suica suiga suica suica Suiga
supor supor - supor Supos
transfuga transfuga transfira transfira transfuga
transpor transpor - - transportar
urano urano - - grano
ventoinha ventoinha ventoinha ventoinha ventoinha
verosimil verosimel - - verosimil
vigilante vegilante vigilante vigilante vigilante
voo V0O - - ovo
vultuoso vultoso vultuoso - vultosos
xadrez xadrés xadrez ladres xadrez
xama chama chama chama chama
xelindro xilindro cilindro cilindro xelindro
zangao zangao zangai - mangao
zepelin zeppelin zepelim zeplim zepelin
Z00 z00 Z00 coo Z00

[3] W. Peters, “Lexical Resources,” NLP group, Dept. of Comp. Sc., Uni. of
Sheffield, 2001.
REFERENCES [4] R. A. Wagner and M. J. Fisher, “The string to string correction
[11 K. Kukich, “Techniques for automatically correcting words in text,” problem,” Journal of Assoc. Comp. Mach., 21(1):168-173, 1974.
ACM Computing Surveys, 24(4), 377-439, 1992. [5] A. Stanier, “How accurate is Soundex matching?” Comp. in Genealogy,
[2] F.J. Damerau, “A technique for computer detection and correction of vol. 3:7, 1990.
spelling errors,” Communications of ACM, 7(3):171-176.7, 1964. [6] C. Fellbaum, “WordNet, an electronical lexical database,” Cambridge,

MIT Press, 1998.
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Bilingual Lexical Data
Contributed by Language Teachers
via a Web Service: Quality vs. Quantity

Valérie Bellynck, Christian Boitet, and John Kenwright

Abstract—IToldU is a light web service which, in its first year of
use for teaching technical English in French engineering schools,
has enabled the contribution of just over 17000 English terms in
about twenty technical domains. These terms are associated with
their French translations (95% of which are correct) and
examples of use (about 85% correct). In the second year,
emphasis has been on quality rather than on quality: about 6000
high-quality entries have been contributed by the same number
of students and classes. Some desirable extensions are in
progress, e.g. to add English when this language is not included
in the original language pair, and to synchronize with off-line
contributions prepared on a PDA or a hand-held calculator.

Index Terms—Collaborative dictionary construction, examples of
use, technical English teaching.

I. INTRODUCTION

HE collaborative construction of free lexical resources

has been hampered by the difficulty of obtaining many
individual small and voluntary contributions. I1ToldU
(Interactive Technical On-Line Dictionary for Universities) is
a light web service which can be used for the collaborative
construction of a bilingual lexicon by a small community
(typically, a group of students) while learning a foreign
language in technical or specific domains. Contributions are
freely offered, but are also constrained in that part of the
students’ English grades are computed by IToldU itself.

For the first two authors, the initial objective in building
this site was to collect the produced lexica in order to populate
the multi-usage multilingual lexical database (MLDB)
Papillon (see http://www.papillon-dictionary.org/). For the
third author, an English teacher of ICTE (Information and
Communication Techniques for Education) at INPG (Institut
Polytechnique de Grenoble), the objective was to improve the
teaching of technical English vocabulary to French
engineering students.
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In its current state, I1ToldU addresses mainly the
instructional objective rather than the lexicographical one.
Moreover, its use has led to a third interesting possibility, that
of teaching the structure of simple sentences of English
through examples in use: it turns out that students are not
satisfied with copying and pasting sentences containing the
terms they translate, but prefer to create their own examples.

In the following sections, we will: present IToldU; evaluate
its first two full years of use (describing its pedagogical
impact on students and teachers and the quantitative and
qualitative lexicographical results obtained when varying the
desired quality level); and describe plans for increasing
contributions, for extending collection to other languages and
types of information, and for synchronization with the
Papillon online multilingual lexical database.

Il. THE IToLDU WEB SERVICE

A. Teaching Context and Goals

The teaching context is as follows:

Acquiring and using technical English.

The most important translation direction is English-
French.

Students don’t yet know the technical terms in English
and have only recently encountered them in French.
There are probably 10,000-20,000 terms with which
the teacher is not necessarily familiar (either in French
or in English).

The teaching goals of the English courses, over the
three years spent in the schools by students, are
twofold:

The base technical vocabulary that is to be learned by
all students represents about 10% (1000-2000 items) of
the terms.

Each student should choose and learn a small fraction
of the remaining 90%.

Students know how to use between 150-300 specific
English words or terms associated with their technical field
(paper industry) by the time they leave in the third year. Of
course, they know many more general terms, and terms in all
other domains encountered during their courses (including
other technical fields, work placements, themes and skills seen
in traditional English classes, job hunting, etc.).
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Students receive a point for uploading an entry onto their
dictionary (effectively “voting” for it). However, if the entry
is wrong, the student will lose a point later. In both cases,
IToldU motivates students via the possibility of gaining or
losing points. This incentive instills in them a positive
learning attitude. Moreover, the publication of the “top ten”
best scores on the web site motivates them to participate more
and more often, creating a healthy competitiveness among
individuals and groups.

E. Teachers

IToldU offers teachers the possibility of supervising student
groups, encouraging involvement through the use of bonus
marks, and livening up vocabulary acquisition via playful
“word hunts®. Fig. 3 shows the summary of a teacher’s
session.

S/he can customize general properties (e.g. the title of the
site, or its language), broadcast learning activities, contribute
to the digital dictionary’s construction (by searching for a
translation, adding a new expression and creating new
technical domains — called “categories”), manage student
groups (“Gestion des comptes” — account management), and
look at the contribution of each student or classroom, as
shown in Fig. 4 and Fig. 5 (“Statistiques”, “Afficher un
dictionnaire” — display a dictionary).

Traduction
- I
* Ajounter une expression

* Gestion des champs
lexicanx

Statistigues
Dictionnaire
* Afficher un dictionnaire

* Afficher son dico perso

Outils
* Ajouter un dossier ppt

* Ajounter des liens
* Word Hunt

Gestion des comptes

* Choisir un compte
* Mpodifier son compte

Configuration
Fig. 3. Teachers' summary.

A particular blessing is that teachers never have to look
inside the source code of an HTML page or (even worse!)
other program code. Another important point is that the time
constraints of the teachers are taken into account: teachers
have almost no time to follow students’ work outside the
classroom (perhaps 1-2 minutes per student). The use of
IToldU should not increase their work time, but if possible
reduce it.

That seems to be the case now, as the grading system has
been designed to optimize the teacher's time. During the first
few weeks of use by a new group, the teacher systematically
goes online and deletes any incorrect words. This supervision
encourages rigor at of the start of the program.
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statistiques du compte courant I

Statistiques sur le compte de REDOM
{poids du dico dans le dico commun : 0.014

Cette année ' Depuis le début ¢

Statistiques personnelles de REDON

Nombre de mots que vous avez enregistrés : [s0
Votre classement : lﬁ
Nombre de mots que vous avez produits : ,F
Mombre de mots importés depuis les mots que vous avez produits : lﬁ_
Vote moyen pour vos mots 1.1%
Mombre de participations a la chasse aux mots : l{]_
Bonus accordé par le professeur : l{]_

Classement des utilisateurs de la promotion 2A 06-07 |par nb entrées
1 | DOTAL 171
2 HAJN B4
3 EYBRALY 76

Fig. 4. Resource pooling statistics.

During the second year, evaluations of contributions are
scheduled (every five months) in which teachers check a few
dictionary samples from each student in their class. Students
don’t know which sample will be checked, and are hence
motivated to check and improve their entire dictionary. Owing
to lack of time and for pedagogical reasons, teachers do not
correct mistakes, but simply mark that a translation or an
example is wrong. 1ToldU supports such error marking on
fields. Then students must make the corrections before a
certain time elapses, or IToldU will subtract the corresponding
points.

Fig. 6 shows an example of a “word hunt” screen. “Word
hunt” is a challenging but enjoyable part of IToldU for both
teachers and students. The first student to find a translation
wins a point! Thus students log on as often as possible to see
if there are words up for grabs!

I1l. EVALUATION

A. Pedagogical Aspects

Reactions of teachers and students. The current complete
version of 1ToldU (http://opus.grenet.fr/itoldu/ITOLDU) was
used for the first time in 2004-05 by all the students of EFPG,
an engineering school that is attached to INPG, with a clear
positive pedagogical impact. A total of 250 students were
involved in the beta test, spread out over the three years of
engineering school and one year of professional BA (licence)
work. As far as English teaching was concerned, there were
17 groups, 6 teachers, and 1 coordinating teacher (the third
author).

IToldU already addresses quite well the need felt by the
coordinating teacher for a computer tool improving
management of training, teachers’ work, and students’
learning of specialized English technical vocabulary.
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B. Dictionary Evaluation (First Year)
1) Quantitative aspect

In the first semester, about 12,000 English-French entries
were entered into 1ToldU by the students, along with about
8,000 usage contexts.

At the end of the academic year, IToldU contained 17,062
English-French entries, and about as many usage contexts
(only 157 entries lacked contexts).

2) Qualitative aspect

The second author quickly revised all the contributions of
the first year, and about 10% in detail, thereby correcting
them. Apart from errors arising from problems in inputting
diacritics on the Web, the French translations of English terms
are almost all correct. By contrast, 15% to 20% of usage
contexts are not examples of use. Following are some details
on these two types of contribution.

Translations. 95% of the translations seem correct to us.
An interesting point is that only about 30% of the English
terms chosen by the students concern a purely technical
lexical field, one linked with students’ studies (of
manufacturing paper pulp, paper, cardboard, color processing,
inks, rheology, etc.) while 70% concern “paratechnical”
fields, such as business or job hunting, or general English.

—e—nb entrée

12000
10000
8000
6000
4000

D D D D D D> D
SESIASA S
(9\'\"\('7/\\'2\'\2)\0/ o)\'&q/o\'\?/ Vv
NV VR N

\/\0(” \/\6” \/\0@
S
AN

%\N

Fig. 7. Evolution of the number of entries in the first semester.

From usage contexts to examples of use. “Contexts”
merit some comments. In the mind of the teachers, contexts
should be citations of sentences in which the English terms
had been encountered. But several unexpected things
happened.

Certain students understood that they were being asked for
the “domain” of the citation, selected from a list provided by
IToldU. One finds for example:

5024  opportunity possibilité, débouché society
5025  to put up ériger, construire society
5026  to fulfill accomplir, réaliser society
5027  fulfilling profondément, society

satisfaisant

used in paper

15009 gas-fired mill

chauffé au gaz
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Others thought that they were being asked for definitions.

an energy-producing

15049 .a wind mill une éolienne .
facility
15065a light bulb ~ Uneampoule  energy-related
électrique equipment
TCF (totally stade de
4632 . .
63 chlorine free) sans chlore blanchiment

The coordinator accordingly modified his description: he
asked for “examples in use”, and created some himself,
putting “invented” in the source field. The students then
understood that they, too, could invent examples, and did so.
At the level of content, several cases arose:

Some students created or adapted sentences containing
the English terms in question, but in such a way that
the word meaning could not be discriminated.

16070 collude s’associer they colluded last year
16990 telematics télématique it s telematics

16998 darts fléchettes he throws the darts

17003 potoling spéléologie the potoling is dangerous
17006 chiari-oscuro clair-obscur the is a chiarioscuro effect
17026 heir héritier you heir to your mother

At the other extreme, other students used long
sentences as examples.

12956 Falsification Falsification

Some various

documents to be

12957 service vouchers Tickets de prestation

protected from

12958 security label Etiquettes sécurisées

counterfeiting and

Certificats d' falsification like

certificates of

12959 authenticity authenticité service vouchers,
anti-counterfeiting  Eléments anti- security label and
12960 e
features contrefagon certificates of
129, anti-falsification  Eléments anti- authenticity have
feature falsification special features.

Many proposals are intended as “honest examples”, but
are not in correct English.

6619 gilrrlagew chaussée  [the carriageway is destroy by the cars
7073 [union syndicat  |an union for help employees
pythones |humour this joke are very pythonesque with his
7098
que absurde \very absurd humor
9183 _(to) isoler !nsulatlng r_natenals can be very useful
insulate in electronic

A small percentage of students vented their frustration
by putting “garbage” (silly examples or obscenities) in
their examples.

In total, about 15% of the examples are incorrect with
respect to content, again not counting input errors, and many
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Tecnologia RFID
Aplicada al Control de Accesos

Juan Carlos Herrera Lozada, Patricia Pérez Romero y Magdalena Marciano Melchor

Resumen—En el presente trabajo se expone una introduccion
a la tecnologia RFID (ldentificacion por Radio Frecuencia) que
prometedoramente comienza a notarse como una alternativa
viable para la captura de datos y el control de recursos varios en
todos los sectores. En este mismo documento se incluye un
analisis de las perspectivas propias y se culmina mostrando una
aplicacion practica relacionada con el control de acceso.

Palabras clave—RFID, ldentificacion por Radio Frecuencia,
captura de datos, control de acceso.

RFID Technology Applied to Access Control

Abstract—In this paper we present the perspectives of the
technology RFID (Radio Frequency ldentification), which is a
notorious alternative for data capture and control of resources in
many industrial sectors. After the discussion of its perspectives,
we present a practical application of this technology related to
access control.

Index Terms—RFID, Radio Frequency Identification, data
capture.

. INTRODUCCION

A tecnologia RFID (ldentificacion por Radio

Frecuencia, en inglés Radio Frecuency IDentification),
nace como una alternativa de identificacion automatica de
productos u objetos, similar a la lectura de codigos de barras
que parece ser ya obsoleta e ineficiente. Comparando ambos
casos, RFID no solo tiene la ventaja de facilitar la creacion de
sistemas que almacenen mucho mas informacion, sino que
también permite identificar un producto u objeto como Unico,
aungue sea de una misma clase, en contraparte, la lectura del
cédigo de barras considera un solo codigo de identificacion
por cada clase.

El sistema completo de RFID representa un método para
almacenar y recuperar datos remotos a través de proximidad,
éste se compone de tres partes 0 médulos basicos: Una tarjeta
0 etiqueta (tag), un dispositivo lector y un sistema de cdmputo
que contiene una base de datos [1, 2]; como puede observarse
en la Fig. 1.
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Energizacion
Peticion de Datos
Transferencia de Datos

Antena TR

Tarjeta (TAG) RFID
Sistemade Cémputo

Lector RFID
Fig. 1. Sistema basico de RFID.

El lector RFID genera un pequefio campo de
radiofrecuencia que estimula e induce una antena en miniatura
contenida en el encapsulado de la tarjeta, generandose en ésta
una corriente eléctrica que permite que un microcircuito sea
capaz de transmitir sus datos al lector. Asi, cuando el lector
hace una peticién de datos, la tarjeta responde a dicha
solicitud.

Los datos extraidos por el lector RFID pueden ser
almacenados en una base de datos para realizar alguna
consulta; en realidad, el sistema de cdmputo de adecuara a las
necesidades especificas de la aplicacion.

La tarjeta se comporta como un Transponder (transmite y
responde); el encapsulado de este dispositivo puede ser tan
delgado como una hoja de papel y de un tamafio mindsculo.
En este contexto, se dispone de tarjetas pasivas (sin
alimentacidn interna, menor tamafio, menor coste) o tarjetas
activas (alimentacion interna, mayor almacenamiento). En las
de tipo pasivo, la alimentacién se obtiene de la misma
frecuencia de trabajo y el sistema funciona mediante la técnica
de modulacién digital por frecuencia (FSK), con la que se
facilita la adquisicidn pero esta limitada en la distancia entre el
lector y la tarjeta (de 2 a 10 centimetros) y en el nimero de
lecturas que se pueden realizar. En las tarjetas activas de
RFID, se utiliza cominmente la alimentacion por bateria,
propiciando alcances mayores en la proximidad (de 50
centimetros hasta 25 metros) [3, 4,5].

Los datos dentro de cada tarjeta se guardan en una
memoria. Cada objeto a identificar tiene un cddigo Unico y
puede extraerse a distancia y sin tocarlo mediante el lector.
Esta informacién puede ir desde un Bit hasta KBytes,
dependiendo principalmente del sistema de almacenamiento
que posea el transponder

El lector RFID consiste en una antena, un transceptor y un
decodificador; éste envia sefiales periddicas para averiguar
informacion de cualquier tarjeta/etiqueta en la vecindad.
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El lector tiene una apertura de tiempo de 20 ms, para recibir
los datos. La antena para el lector se fabrico de acuerdo a las
especificaciones del fabricante del médulo. En la Fig. 3 se
muestra la antena y las tarjetas RFID utilizadas.

Fig. 3. Antena del médulo lector y tarjetas RFID (transponder).

El modulo lector no puede recibir durante el tiempo de
carga o induccién de la tarjeta; con una sefial la tarjeta indica
que ha finalizado la carga y comienza a enviar datos usando el
cambio de frecuencia FSK (Frecuency Shift Keying) como lo
infiere la Fig. 4.

134.2 KHZ | 1232 KHZ | 1242kHZ2 | 1232 KHZ

1202 ys

Hoaps

I
Fig. 4. Codificacion FSK empleada.

La informacion que transmite cada tarjeta estd modulada en
frecuencia. Aunque la longitud de la trama es constante en
bits, es variable en tiempo. La trama mas larga durard unos
18ms.

Las secuencias de carga y lectura se controlan en los
maédulos de identificacion mediante la sefial de control TX
(trasmision) clésica en la comunicacion serial. La duracion de
la fase de carga dependerd del tipo de tarjeta RFID, la
distancia de paso, forma y tamafio de la antena del lector.

Para la lectura se utiliza un formato definido por el
fabricante de la siguiente manera:

Prebits Start Data Identification BCC Stop End

U [ 11

LsB b > msB

Fig. 5. Formato de lectura.

Tecnologia RFID Aplicada al Control de Accesos

— Prebits, estos indican que es un RFID de s6lo lectura
(0000HeX).

- Start byte indica el comienzo del mensaje (SOS, start
of header, 01 Hex).

- Status byte provee retroalimentacion de la lectura
precedente u operacion de programa.

— Length Indica la longitud en bytes del siguiente
campo de datos.

- Data lIdentification de acuerdo a ciertos bits
relevantes este campo de datos se enviard al RFID o
no, estos datos se programan de fabrica.

— End Bits son validados por el mddulo de control RF.

El campo de datos estd integrado por 80 bits que se
encuentran entre el Start y el Stop Byte, que se programan de
fabrica, es decir un cddigo Unico de 64 bits, que excluyen los
16 bits del BCC (bits de proteccion de datos).

Después del Stop Byte se transmiten 16 bits; los primeros 15
bits, comenzando por el menos significativo, se chequean en el
maodulo de control. Durante el 16 bit el transponder termina el
formato de datos.

VI. INTEGRACION DEL HARDWARE

En este apartado se muestra la integracion de los elementos,
el montaje del modulo Micro-reader TIRIS con el
microcontrolador PIC16F628 y éste a su vez con la pantalla de
cristal liquido (LCD). Se recomienda revisar la hoja de
especificaciones del mddulo TIRIS.

La programacién del microcontrolador PIC16F628 se
realizé con ayuda del lenguaje de alto nivel Pic Basic Pro, que
facilita en gran medida el disefio, dado que se tienen
instrucciones interconstruidas especiales para la comunicacién
serie.

A continuacién se muestra un fragmento del cédigo escrito
en el lenguaje anteriormente referido para la programacién del
microcontrolador, que se encarga de hacer la lectura de los
datos seriales enviados por el médulo lector Micro-reader,
enviando resultados de la validacién hacia una pantalla
convencional de LCD de dos lineas con 16 caracteres en cada
una de ellas.

TRISB = 2 "Pb.1, como entrada “serial., Los
demas como "salida.

TRISA = 0 "PA.X como salidas LCD.

“Inicializacién de LCD.

Pause 500 “Inicializacion de LCD, 0.5
segundos.

Icdout $fe, 1 " Limpia pantalla LCD.

pause 250

"Inicio de programa principal

inicio:

lIcdouT $fe, 1 " Limpia pantalla LCD.
pause 250

Lcdout ™ LECTOR RFID **

Lcdout $fe, $CO "Salta a segunda "linea
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VII.

Como se comentd con anterioridad, el microcontrolador se
programo con la posibilidad de sustituir la pantalla de LCD
por un dispositivo de computo fijo 0 movil, a continuacion se
presenta una adecuacion para monitorear los datos en la
pantalla de un PDA, lo que infiere una mayor robustez en el
prototipo. La idea general versa de tres partes: el kit de
desarrollo RFID, el microcontrolador y el propio PDA. El
esquema de conexiones se muestra en la Fig. 9.

PROTOTIPO DE UN SISTEMA DE COMPUTO MOVIL

Area de cobertura

del lectar RFID S——
PUBEERN ¢ Comunicacion
5 “~,  Comunicacion RS.727
ki kY RS—\BQ Puerto serie del PDA
/ \ \
) A
o (1) \
¥, ‘.
/ »
! e &% £
JJI =
Tag et
{tarjeta o Microcontrolador PDA
efiqueta) Lector RFID PIC1BFE2E

(Kit de desarrollo)
Fig. 9. Prototipo para monitorear datos en un PDA

Se observa en la Fig. 8, que el microcontrolador sugerido se
debe programar con una funcionalidad serial con el protocolo
RS-232 alambrado, tanto para recibir los datos del kit lector
RFID, como para enviar los resultados al PDA utilizando el
puerto serie de éste ultimo.

El PDA debe monitorear y supervisar la funcionalidad del
microcontrolador a través de un programa residente. El
microcontrolador se encarga de recibir secuencialmente el
dato proveniente del PDA en formato estandar binario
(también podria enviarse en formato ASCII) con una
velocidad predeterminada de 9600 baudios, sin paridad y con
un bit de paro.

A continuacioén se lista un fragmento del cddigo que se
program6 en el PIC16F628 para establecer comunicacion
entre el PDA 'y el lector RFID del kit de desarrollo.

“Inicio de programa principal

inicio:

serout (establece comunicacion con el PDA)
pause 250

serout  LECTOR RFID "--imprime el PDA

Tipo: lee dato del lector

Serin PORTB.1,T9600, EPC

IF EPC = $09 then GOTO V
goto Tipo

V:

Serin PORTB.1,T9600

If EPC = $AA then GOTO B

Serout ' NO AUTORIZADO"™ —imprime PDA
pause 3000

goto inicio

B:

Serout " AUTORIZADO ' —imprime PDA
Pause 1000

Serout '"'Bienvenido" —imprime PDA
goto inicio
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En los proyectos realizados en el CIDETEC se han utilizado
frecuentemente PDAs de la familia iPAQ Pocket PC,
fabricadas por HP, con sistema operativo Windows Mobile,
por lo que el ambiente de desarrollo Optimo para programar
estos dispositivos es Visual Studio. NET.

De manera alambrada, para un puerto serial de
comunicacion, Visual Basic contiene el control MS COMM
con la opcion a disparo, es decir, al depositar un byte en el
buffer del puerto automaticamente se dispara el evento
correspondiente. También es posible realizar un poleo al
buffer del puerto, cada determinado tiempo, buscando el byte
recibido. Este control incorpora todas las funciones para
configurar el puerto, para mayor informacion referirse a [12].
En las Fig. 10 y 11, se aprecia la aplicacion programada en el
PDA.

Fig. 10. Pantallas en tiempo de ejecucion (simulacion), para el acceso
concedido y el acceso denegado, respectivamente.

m

Fig. 11. Aplicacion ejecutandose en PDA.

VIIl. PRUEBAS Y RESULTADOS

Se considerd de inicio el prototipo con la LCD,
posteriormente se realizaron las mismas pruebas en el
prototipo con el PDA; una vez realizada la integracion y
comprobando los datos de las tarjetas disponibles, el
microcontrolador decide cual de las tarjetas contiene la
informacion correcta y establece comunicacion con el
despliegue respectivo (LCD o PDA).

La proximidad de la tarjeta hacia el mddulo lector soporto
distancias hasta de 6 centimetros. De acuerdo al fabricante,
una antena bien construida podria permitir distancias de hasta
25 centimetros. Cabe mencionar que no se provocaron
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An Extended Payment Model
for M-Commerce
with Fair Non-Repudiation Protocols

Tran Khanh DANG and Thi Thanh Huyen PHAN

Abstract—Non-repudiation in e-commerce has recently gained
a lot of interest but its successor brother, non-repudiation in m-
commerce, is still at the start. In this paper, we propose an
extension of existing mobile payment models to introduce an
extended mobile payment service (EMPS) model, which is based
on assumptions about the cooperation between mobile network
operators and financial institutions to deal with different
payment amounts ranging from micro to macro payment. The
novel model focuses on enhancement of non-repudiation
problem. Fair non-repudiation protocols are developed for not
only payment phase but also other phases in a typical m-
commerce transaction, including price negotiation and content
delivery. Joint signatures method is used in protocols to
overcome the limitations in mobile handheld device capability
and to reduce the trust dependence totally on the payment
service. As with the proposed non-repudiation protocols, EMPS
plays the role of a semi-trusted third party and is an
indispensable factor for creating the fairness property. Non-
repudiation analyses of these protocols are also conducted
besides some guidelines for ensuring non-repudiation in m-
commerce.

Index Terms—Communication system security, M-commerce
security, non-repudiation, semi-trusted 3" party, payment
model.

I. INTRODUCTION

N recent years, m-commerce with many advantages such as

the ubiquity, reachability, localization has emerged as a new
potential application and research area. However, its
inherently secure weaknesses, resulted from the limited
capacity and the mobility of mobile handheld devices,
insecure wireless channel, etc are the main obstacles on the
path of success. Basically, security in m-commerce also deals
with the fundamental issues as authentication and
authorization, confidentiality, integrity, availability, and non-
repudiation. Among these issues, non-repudiation, one of the
services used to cope with internal attack risks, almost has not
been studied thoroughly.
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November 17, 2009.
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Repudiation is the false denial of having been involved in a
communication. The goal of the non-repudiation service is to
generate, collect, maintain, make available and verify
evidence concerning a claimed event or action in order to
resolve disputes about the occurrence or non-occurrence of
the event or action [12]. Currently, most non-repudiation
protocols use digital signature in generating non-repudiation
evidences. Among the properties of a non-repudiation
protocol, fairness may be the most desirable. This feature
helps the protocol execute fairly, i.e. at the end of the
protocol, either both entities get the expected evidences, or
none of them get any valuable information. Using a trusted
third party (TTP) is a common approach to resolve this
problem.

The power of non-repudiation services creates its
importance to the commercial transactions in e-/m-commerce
environments where the parties participating in may not trust
each other. Non-repudiation in e-commerce has generated a
lot of interests recently and built a relatively sound foundation
while this issue in m-commerce is still at a start. Although m-
commerce can be considered as mobile e-commerce, we can
not apply the same non-repudiation protocols in e-commerce
to the new environment because of the inherently insecure
nature of wireless network and limited capability of mobile
devices. Therefore, we need lightweight but sufficiently
secure non-repudiation protocols to protect transactions
conducted in wireless environment. Non-repudiation protocols
in m-commerce should be based on existing non-repudiation
protocols in e-commerce and adjusted to suit the resource
constraints of mobile devices as well as specific requirements
of different transaction types. Nearly all currently existing
research mentioning the non-repudiation in m-commerce just
pays attention to this problem in mobile payment, one of the
most important commercial transactions in m-commerce.
Mobile payment or billing is defined as the process of two
parties exchanging financial value using a mobile device in
return for goods or services [13]. A general mobile payment
system, along with a typical transaction, is described in figure
1. It uses a third party which could act at the same time as a
payment service provider and a TTP to support the financial
transaction between mobile customer and service provider. As
with m-commerce, none of the proposed solutions gives a
complete analysis of non-repudiation properties such as non-
repudiation evidences, the fairness property, the timeliness
properties or a formal verification and so on. Moreover, some
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— Cost for non-repudiation evidence generation and
verification should be low but the used methods must
reach an acceptable level of data security.

A third party supporting the data delivery and evidence
generation should be employed and the candidate for this
role will vary according to transaction type and be
chosen from the main players in mobile commerce
environment such as mobile network operator (MNO),
bank. Moreover, we should reduce the trust dependence
on these third parties.

Specific properties of each transaction type should be
examined.

A. Non-Repudiation Evidence

Most of the existing solutions for non-repudiation in mobile
commerce are reducing cost in non-repudiation evidence
generation resulted from the limited computational capability
of mobile devices. They can be divided into two groups: one
based on the symmetric key technique and the other founded
on the digital signature technique.

— Symmetric key technique: The idea is to use the

symmetric cryptographic technique to create evidence at
a low cost. However, if we use just a secret key k shared
between two parties, generated evidence can not be
irrefutable. The solution here is different from the rule of
secure envelops mechanism in non-repudiation in e-
commerce. It combines using 2 secret key ki, shared
between MC and SP, k,, shared between MC and TTP,
with other techniques such as hash, keyed hash, MAC.
Therefore, the evidence containing both k; and k, must
be generated by MC. A number of proposals like [8] can
be counted in this group.
Digital signature technique: Although digital signature
can ensure the non-repudiation of origin of evidence, the
cost of generating it is too high for limited computational
devices to execute. Some schemes have been proposed to
address this problem by designing more efficient
mathematical algorithm. Other proposals use a third
party to sign message on the original signer’s behalf such
as joint signature, proxy signature or server-supported
signature [1].

B. Trusted Third Party

The particular properties of m-commerce environment
influence the choice of candidate for TTP role in a non-
repudiation protocol. Besides the traditional TTP which is
indispensable for a non-repudiation protocol such as time-
stamping authority (TSA), certification authority (CA), TTP
assisting in fair exchange of the message and/or non-
repudiation evidence can be one or combination of the
following players:

— Mobile Network Operator (MNO): MNO owns the
channels and almost all communications in mobile
environment must pass through it. Besides its large
customer bases, MNO has a lot of experience in the
fields of billing and roaming.

— Financial Institution/Bank (FI/B): Its strengths lie in the
trust of customers and long-standing customer
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relationships. Stemming from its expertise to handle
transaction and risk, the necessary licenses, large
customer and merchant bases, etc, FI/B is a valuable
candidate for the role of a TTP, especially in the case of
payment services.

Independent agent (IA): Although IA does not have
advantages like MNO or FI/B such as the trust of
customers and large customer bases; it can be more
flexible and faster to explore new technologies than
MNO or FI/B. Moreover, IA can collaborate with
different mobile network operators and financial
institution to offer its services to a variety of customers.

IV. EMPS SYSTEM MODEL WITH NON-REPUDIATION
ProTOCOLS

This section presents our main contributions, solutions to
non-repudiation in m-commerce, by building an extended
mobile payment service (EMPS) to support non-repudiation
protocols in not only the payment phase but also other phases
in a general m-commerce transaction including price
negotiation and content delivery.

A. EMPS System Model

EMPS system model is based on the models introduced in
[2, 9] because of their extensibility and universality. Some
improvements are suggested to meet our requirements.

— A data center is not used in our model because it
increases the complexity of the non-repudiation protocol
with many steps, third parties and the trust level to third
parties. Moreover, the other problems in a data center
such as bottleneck, attack risk, message integrity can
arise. In our model, customers of different EMPSs can
do business together if their EMPSs have made a deal.
Our model is also a payment service, so the value of
transaction greatly affects the proposed protocols.
Payment amounts are usually categorized in micro and
macro payment. Micro payment refers to small
purchases, usually less than 10 Euro and macro payment
is about large purchases over 10 Euro. EMPS assumes
that MNO and FI/B will collaborate on payment phase.
Micro payment has low requirements for security but
cost efficiency, hence it is reasonable to ask MNO to
charge customers through their mobile phone bills.
Marco payment requires higher security level, thus it
should be paid by customer’s bank account or card. FI/B
with a lot of experience in payment services and risk
management will responsible for macro payment.

An innovation of EMPS is that it not only features
mobile payment service but also supports MC and SP in
price negotiation and good delivery in order to obtain a
fair non-repudiation transaction. This is the reason we
name this model Extended Mobile Payment Service.

To reduce computational load on mobile user without
affecting the system security, we use the idea of joint
signature [1] in generating non-repudiation evidences.
MC will have 2 secret keys: Kmcemps-me Shared between
MC and EMPS of MC, Kpsp, Shared between MC and
SP. This means MC is the originator of messages
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In this section, we present three fair non-repudiation
protocols built for three phases of an m-commerce transaction:
price negotiation, payment and content delivery. Assume that
the communication channels among EMPS, between EMPS
and both SP/MC are resilient. The communication between
MC and SP may be unreliable.

Firstly, there is an initiation process occurring before these
three phases for establishing a session key shared between
MC and SP. As MC and EMPS-MC share a private key K
emps-me Which is issued to MC when she registers for services
of EMPS-MC, we can apply the NAETEA protocol [4] in this
case. At the end of the initiation process, MC and SP share a
session key Kmcsp and SP also receives a hash value of the
secret key shared between MC and EMPS-MC: h(Kmc.emps-mc)-
Secondly, joint signature method [1] is used in our protocols.
To help readers grasp the general idea of the joint signature
scheme we briefly explain the used notations in Table I.

Price Negotiation Phase

In this phase, MC negotiates with SP for certain goods.
First, MC sends the order containing information about
product identity (PID), amount (N), bidding price (Pmc): Oline
= PID1, N1, Ply., PID2, N2, P2.... along with HOAC,
HMAC to EMPS-MC. yy, is the HOAC and includes the
secret Kmesp Which is not known to EMPS-MC, thus EMPS-
MC can not forge a valid y,, to SP. In addition, EMPS-MC
can not get Kpc, s from yp, since it is hashed. HOAC also
embeds the hash secret h(Kmcemps-mc) t0 protect the SP against
false accusation by MC, or impersonation attacks by the SP or
other entities against the MC. X, is the HMAC and can be
used for source authentication because it contains Kmc, emps-me
which is shared between MC and EMPS-MC only. Moreover,
using the received HMAC, EMPS-MC can verify the integrity
of EKme, sp (O1) and ypn. In short, the HOAC vy, indicates to
SP that the original of Ol is from MC and the HMAC X,
indicates to EMPS-MC that the HOAC yy, is from MC. dl is
also introduced to check the freshness of the timestamp tsp,
and prevent EMPS-MC from deliberately replaying the
signature generation so as to gain advantage. Omc.p, is the
deadline in which MC wants to receive the response of SP for
its bidding prices. If the user is successfully authenticated,
then in step 2, EMPS-MC will construct the joint signature
from these messages and send to SP. In step 3, SP verifies the
authenticity and integration of request. After successful
request verification and validation, SP considers the bidding
price of MC and replies with an OIResponse before the
deadline dpcpn. SP also sets a deadline dgppn for MC’s
feedback and generates a label | wused for future
communications. If the prices in OIResponse are the same as
those in Ol,,, SP and MC reach an agreement. On the
contrary, this phase will be repeated until one agrees with the
prices given by the other or decides to give up. | and
OIResponse will be used in the other phases of the
transaction.

1. MC —» EMPS-MC: f{,, IDy, IDg,, IDempsmes Ame-pns dl,
tSmes Ekmc, sp (OL,,), Yon, Xpn

Ypn = N(Olp, dl, kmc,spa dmc-pnr h(kmc,emps-mc)) and Xpn =
h(Ekmc,sp(OImc)’ fprn IDrnc, IDsp: IDemps—mc’ Sme, kmc,emps—mm an)-

2. EMPS-MC — SP: f,, IDy¢, IDgp, IDemps-mes Qlpns Qme-pns
ts ] cert p: ) Ekmc, sp (Olmc)9 ypm Xpm Signpnemps-mc
The joint signature SignPNempsme = Semps-mc(fons 1Dme, 1Dsp,
IDemps—va dlpnx dmc—pna tsemps-mc: Ekmc,sp(OImc): ypna Xpn)-

3. SP =l MC: fpn, IDmc’ IDsps IDemps-mcs IDemps-sp, dsp-pn,
EKpesp(Olye, OIResponse, pkg, 1), s(OL,, OIResponse,
Pk, )

OlResponse = Olg,, SC, dsppn and | = h(IDpe, 1Dsp, 1Demps-me
IDemps-spr N(OIResponse), N(Kme, emps-me)), Ol = PID1, N1,
Pls, PID2, N2, P2,....

Payment Phase

If MC and SP reach an agreement at the end of the
negotiation phase, MC will conduct the payment phase.
Depending on the payment amount, MC will choose the micro
payment protocol or macro payment protocol.

1. MC - EMPS-MC: fyip, 1, ID e IDgp, TDermps-mes IDemps-sps
dlmips tsmca dmc-miw Ekmc, emps-mc (OlResponse)9 Ymip, Xmip

ymip = h(OIReSponsev I! dlmip: kmc, spr dmc-mip, h(kmcY emps-mc)) |S a
HOAC showing SP that the original of the request for
payment is from MC.

Xmip = N(OIResponse, fmip, tSme, Kme, emps-mes Ymip) i @ HMAC
showing EMPS-MC that the HOAC Y, is from MC.

2. EMPS-MC — SP: fup 1, IDue 1Dgp IDempsmes Qlinips
tsemps-mcs dmc-mip, Esp(OIResponse), ymip, xmip, Signlnipemps-mc
The joint signature signmipemps-me = Semps-me(fmips 1, Almips tSemps-
mcs dmc-mipa OIResponse, ymip, Xmip)

3. SP —> EMPS-SP: fuip, 1, IDpey 1D M emmpemes 1D emps-sps

dmc-mipa Eemps-sp (Bill)a ssp (fmip’ la Bill, dmc-mip)
Bill = OIResponse, Approval

4. EMPS-SP — EMPS-MC: f., 1, IDye, IDg,, IDemps-mes
IDemps—sp, Eemps—mc (Blll’ Accountemps—sp), semps—sp (fmip’ ls Blll’
Accountepy.sp)

5. EMPS-MC — MC: fyp, 1, IDpe, IDg,, IDemps-mes IDemps-sps
Ekmc, emps-me (Bill)’ Semps-me (fmip’ la Bill)
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Micro Payment Protocol: MC sends the request for
payment to SP through EMPS-MC. EMPS-MC creates the
joint signature and encrypts the OIResponse by SP’s public
key after checking the authentication and integrity of the
message as well as the state of customer’s account in case of
prepaid account. These messages are sent to SP in step 2. In
step 3, if SP accepts payment request of MC, he will create a
Bill and asks his EMPS EMPS-SP to contact with EMPS-MC.
Next, EMPS-SP transfers this Bill along with information
about its account to EMPS-MC. EMPS-MC will pay for
EMPS-SP through this account. This transaction will depend
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and step 3 as two small steps in a unique step 2-3. After
receiving NRR in step 3, SP will give the decryption key k to
MC.

Abort Protocol: If SP doesn’t receive the third message of
the main protocol, SP initiates the abort protocol by sending to
EMPS-SP an Abort request.

1. SP g EMPS-SP: fabort, ls IDmcs IDsps IDemps-mc’ IDemps-sp,
Abort

Aborted = true

2.SP — MC: faborts la leca lepa lDemps-mc» lDemps—sw Abort

Recovery Protocol: MC executes the recovery protocol if
she does not receive the message in step 4 of the main
protocol. MC asks EMPS-MC to transfer its recovery request
to EMPS-SP. EMPS-SP recovers the decryption k and sends it
along with evidence back to MC through EMPS-MC.

1. MC — EMPS-MC: fieq, 1, IDpe, 1Dy, IDemps-mes IDemps-sps

dlcds tsmw dmc—cds Eemps-sp (Ekmc, sp (k))5 h(c)a Yeds Xea
If aborted or recovered then stop, Else recovered = true

2. EMPS-MC — EMPS-SP: fie, 1, IDpney 1Dy, IDenypsemes
IDemps-sp’ Eemps-sp(Ekmc, sp (k))’ Semps-me (freca ls Eemps-sp (Ekmc, sp

(k))
If aborted or recovered then stop, Else recovered = true

3. EMPS-SP — EMPS-MC: f,e, I, IDpes IDgp, IDermpsmes
Il)emps-sps Eemps-mc(Ekmc, sp (k))9 Semps-sp (fren ls Ekmc, sp (k))

4. EMPS-SP — SP: fee, 1, IDye, IDgp, IDempsmes IDemps-sps
Semps-sp (freu 19 Ekmc, sp (k))

5. EMPS-MC — MC: frec, 1, ID ey IDgp, IDermpsmes IDemps-sps
Ekmc,emps—mc(Ekmc, Sp (k))’ semps-mc (freca l’ Ekmc, Sp (k))

C. Non-Repudiation Analysis
Non-Repudiation Analysis of Price Negotiation Protocol

Non-repudiability: The non-repudiation of origin and
receipt evidences for Ol are NROy, = SignpNemps-mc = Semps-mc
(fpna IDmc: IDspx IDemps»mc: dlpny dmc»pnv tsemps-mc: Ekmc,sp(OImc)y
Yo, Xpn) @and NRRp, = ss,(OIResponse, pkgp, 1). If MC denies
having sent Olpyc, SP has to present to the judge fyn, IDme, IDsp,
IDemps—mm dlpn’ dmc-pn- tSemps—an Olmc, ypnn Xpn, kmc,spy NROpn- The
judge verifies that EKmsp(Olmc) is the cipher of Ol under the
session key Kmc,sp, NROyy, is the signature of EMPS-SC on (fpn,
IDmc, IDsp, IDemps—mc, dlpn, dmc—pn: tSemps—mc, Ekmc,sp(OImc)v ypny
Xpn). As HOAC y,, contains Kicsp, it can be created by only
MC and SP. Similarly, HMAC x,, must be generated by only
MC and EMPS-MC because 0f Kgemps-me- Therefore, it must
be MC who produces both of HOAC y,,, and HMAC X, If SP
can present all of the items and all the check hold, the
adjudicator concludes that MC is at the origin of Ol. If SP
denies receipt of Ol and offered prices of products in Ol
MC gives the judge NRRpn, EKmesp(Olme, OIResponse, pKgp, 1),

OIResponse, I, Olpe, pKsp. The judge checks that EKme sp(Olm,
OIResponse, pks, ) is the cipher of (Ol OIResponse, pKsp,
1) under the session key Kmcsp and NRRy, is the signature of SP
on (Ol OlIResponse, pksp, I). If all checks are valid, the
adjudicator claims that SP received the Ol and replied with
OIResponse.

Fairness: If SP does not send message in step 3, the
protocol will not be strong fairness. However, if step 3 is not
executed, SP will lose its customer and gain nothing from that.
In other words, SP would harm himself. Consequently, he
should carry out step 3 and that means the strong fairness
feature of the protocol can be achieved.

Non-Repudiation Analysis of Payment Protocol

Non-repudiability: Non-repudiation evidences of micro
payment protocol are NROpip = SignMipPemps-me = Semps-me (fmips
I, dlmip, tSemps-me Ome-mipy OTRESPONSE, Ymip, Xmip) @Nd NRRmip =
Semps-me (fmipy 1, Bill). In case of non-repudiation of origin, SP
has to present to a judge NROuip, Tmip, |, Almip, tSemps-mer Ame-mips
OIResponse, ymip, Xmipy IDmC! IDsp1 IDemps-mCa IDemps-spy
h(OIResponse), h(Kme, emps-mc). The judge verifies that | =
N(IDme, 1Dgp, |Demps-mer 1Demps-spr N(OIResponse), h(Kme, emps-
me)), and NROp,, is the signature of EMPS-MC on (fyp, |,
Almip, tSemps-me: me-mip, OTRESPONSE, Ymip, Xmip). I all the checks
hold, the adjudicator concludes that MC is the originator of
payment request. On the other hand, MC can prove that SP
has received her payment by presenting NRRuip, Tmip, I, 1D,
IDsp: IDemps-mCa IDemps-sm dmc-mipa h(OIResponse), h(kmc, emps-mc)y
Bill to the judge. EMPS-MC provides Semps-sp (fmip, 1, Bill,
ACCOUNtemps.sp) aNd EMPS-SP provides Sg(fimip, 1, Bill, dme.mip),
Accountemps.sp. The arbitrator checks that | = h(IDp, 1Dy,
IDemps-mm IDemps-spa h(OIResponse), h(kmc, emps-mc))’ Ssp(fmipa |,
Bill, dmc-mip) is the signature of SP on (fuip, I, Bill, dmc.mip),
Semps-sp(fmip 1, Bill, AcCountemps.sp) is the signature of EMPS-SP
on (fmip, 1, Bill, Accountemps.sp) and NRRyp is the signature of
EMPS-MC on (fip, I, Bill). I all verifications are valid, MC
wins. We can have similar verifications in macro payment
protocol with NROpmap = Signmapemps-me = Semps-mc(fmaps 1, lmap,
tSemps-mes Ome-mapy OIRESPONSE, Yimap, Xmap) aNAd NRRmap = Semps-
me(fmaps 1, Bill, Result).

Fairness: These two payment protocols are strong fairness
because the transaction are intervened by the trust parties of
both MC and SP. EMPS-MC represents MC, EMPS-SP
represents SP and the payment actually happens among these
EMPSs which trust each other.

Non-repudiation Analysis of Content Delivery Protocol
Non-repudiability: If the recovery protocol is not invoked,
NRO = Ssp (fear I, c, Eemps—sp (EKmc, sp (x))), Ssp (fea, 1, K) and
NRR¢q = SignCdemps-mc= Semps-mc(fcdy I, dlge, tSemps-me Ame-car N(C),
N(Eemps-sp (EKme, sp (K))), Yed , Xca)- On the contrary, NROgg = Sgp
(fcd- I: C, Eemps-sp (Ekmc, sp (k))): Semps-mc (frec’ |1 Ekmc, sp (k)) and
NRRcd = Semps-mc(fcdv Iv dldc: tSemps»mc: dmc—cdv h(C), h(Eemps—sp
(Ekmc, sp (k)))1 Yed Xcd)v Semps-sp (frem |1 Ekmc, sp (k)) The
checking process is similar to the above verifications.
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Analisis Numeérico
de Pérdidas de Insercion de Conmutadores
Disenados con Diodos p-i-n

Alejandro Iturri Hinojosa, Cirilo Leon Vega, Gabriela Leija Hernandez

Resumen—Se presenta un analisis numérico de la pérdida de
insercion de conmutadores de microondas disefiados con diodos
p-i-n. Se analizan las caracteristicas de resistencia serie, Ry, y la
capacitancia de union, C; propias del modelo de circuito
equivalente de los diodos p-i-n. Asi mismo, se presenta a detalle la
teoria de funcionamiento de los diodos p-i-n y de los
conmutadores de microondas.

Palabras Clave—Diodos p-i-n, conmutadores de microondas,
pérdida de insercion.

Numeric Analysis of the Insertion Loss
in Switches Designed using the p-i-n Diodes

Abstract—We present numeric analysis of the insertion loss in
the microwave switches designed using the p-i-n diodes. We
analyze the characteristics of series resistance R, and junction
capacitance C; that are part of the equivalent circuit model of the
p-i-n diodes. Also, we present necessary background for
explanation of functioning of the p-i-n diodes and microwave
switches.

Index Terms—p-i-n diodes, microwave switches, insertion loss.

I. INTRODUCCION

N diodo p-i-n es un diodo semiconductor que consta de

dos regiones, una tipo P y otra tipo N altamente dopadas
y separadas por una region intrinseca de mayor resistividad,
como se puede apreciar en la Fig. 1. Estos dispositivos son
muy utilizados en desplazadores de fase y conmutadores de
sefiales microondas. Los dispositivos disefiados con diodos p-
i-n se destacan por sus bajas pérdidas de insercion y elevado
desempeifio con sefiales de altas frecuencias [1].

La principal ventaja del diodo p-i-n frente a un diodo
convencional es la mejora en la respuesta de conmutacion de
sefiales microondas.

Cuando se manejan sefiales de baja frecuencia los efectos
reactivos que se presentan en las uniones del diodo se
consideran despreciables. Estos efectos son asociados con la
difusion de portadores, electrones y huecos, a través de la
union.

Manuscrito recibido el 7 de mayo del 2009. Manuscrito aceptado para su
publicacion el 6 de octubre del 2009.

Los autores son de ICE — ESIME Zacatenco, Instituto Politécnico
Nacional, México D. F., México (e-mail: aiturri@ipn.mx, cleonv@ipn.mx,
gleijah@yahoo.com.mx).
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Fig. 1. Diagrama de un diodo p-i-n [6].

II. CARACTERISTICAS DE FUNCIONAMIENTO
DE LOS DIODOS P-I-N

En estado de baja impedancia, situacion de polarizacion
directa, el diodo tiene una excelente linealidad y baja
distorsion. En estado de alta impedancia, situacion de
polarizacién inversa, la region intrinseca produce valores muy
altos de voltaje de ruptura y de impedancia. A medida que el
ancho de la region de agotamiento, region I, aumenta, la
capacitancia formada en las uniones del diodo disminuye. Asi,
el diodo se comporta como un circuito abierto.

A. Estructura y Funcionamiento del Diodo p-i-n

Un material altamente dopado es aquel que tiene un mayor
numero de impurezas, generalmente de tipo P o de tipo N. Por
lo mismo, ofrecerda una menor resistencia al paso de la
corriente. Para un material no dopado, es decir intrinseco,
existira una resistencia mucho mayor, dependiendo del
material semiconductor que se esté utilizando [1].

En la practica un diodo p-i-n tiene una alta resistividad en la
parte media de la zona P o N. Mientras que existe una baja
resistividad en los limites en las zonas P y N.

La nomenclatura P+ y N+ indica un alto dopaje de los
materiales P y N, respectivamente. Un material tipo “n”
indica que el material es de tipo P y ademas se dice que es un
material “no dopado” (idealmente). Por otra parte, un material
“N” no dopado es llamado material tipo “v”. El material usado
en la region I puede ser tipo “n” o “v”. Utilizando cualquiera
de estas dos estructuras no se presentan cambios en el
desempefio de un dispositivo. En la practica, generalmente se
utiliza el silicio como el material semiconductor, el cual no es

totalmente intrinseco.
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Sin embargo, el funcionamiento con microondas dependera
de la susceptibilidad del material semiconductor que se esté
utilizando. El silicio presenta una susceptibilidad mayor que la
conductancia de las impurezas en el material intrinseco.

C. Medicion de Capacitancia y Relajacion Dieléctrica

Debido a la elevada constante dieléctrica del silicio y
también por ser un material semiconductor con conductancia
variable, la capacitancia serd mayor cuando el diodo opere con
sefiales de baja frecuencia. Mientras que para sefiales de
frecuencia alrededor de 1 GHz la capacitancia medida sera
mucho menor [1].

Por lo tanto, el circuito equivalente que representa al diodo
p-i-n esta conformado por el paralelo de una capacitancia y
una conductancia. La division de corriente entre ellos varia
con la frecuencia de la sefial aplicada. Las corrientes de mayor
frecuencia se conducirdn mayormente por el trayecto
capacitivo.

En la Fig. 4 se muestra la representacion de un diodo p-i-n
por debajo del voltaje de perforacion. Las regiones de P+ e [
que son reducidas, representan a la zona de agotamiento o
region libre de portadores. La zona restante de la region I esta
intacta y puede modelarse por el circuito de la Fig. 4c, como
el circuito en paralelo de una resistencia y un capacitancia,
representados por los elementos Cyg y Rys, respectivamente.

|:J:' o |_ P+ J 3] I N+ _| ]
Lo pro- REGION -  p———e— REGION NO BARRIDA
I | BARRIDA
)]
FLUJO DE CORRIENTE
PAAYOR A LGHz
() -_ :
'“' | AR
FLUIO DE CORRIENTE
PAAYOR A LNIHZ
Cus
( Csw ——
@ e —{ )
-
Rus

o—at——f— O

P‘R C i

Fig. 4. Circuito Equivalente de un diodo p-i-n en polarizacién Inversa. (a)
modelo del diodo p-v-n, (b) zona de agotamiento antes del voltaje de
perforacion, (c) circuito equivalente detallado, (d) circuito equivalente a bajas
frecuencias, (e) circuito equivalente para microondas [1].

La division de corriente a través de Cyg y Rys depende de la
relacion de la susceptancia de Cyg y de la conductancia
(1/Rys). Esta relacion depende directamente de la constante
dieléctrica que se crea en el material semiconductor. La
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constante de relajacion dieléctrica, fz, se define como Ia
frecuencia a la cual la division de corriente entre los dos
elementos es la misma, es decir, cuando los valores de
susceptancia y conductancia son iguales.

Una caracteristica importante en el funcionamiento de los
diodos p-i-n operados a una frecuencia de microondas como
se muestra en la Fig. 4e, es la capacitancia C; que se forma
cuando se maneja una frecuencia del triple o mas alta que fg,
esto debido al efecto que produce tener varios capacitores
conectados en serie.

Por lo tanto las mediciones de capacitancia pueden
desarrollarse a una frecuencia baja pero con un voltaje
suficiente para poder operar adecuadamente el diodo. Asi los
resultados que se obtienen a una frecuencia de 1 MHz son una
buena aproximacion a los obtenidos a microondas.

Esta frecuencia serd una estimacion de la frecuencia de
relajacion debido a que en esta la capacitancia minima es
aproximada al valor de C;j (capacitancia para microondas).

Los diodos p-i-n fabricados con material de silicio
altamente puro, tienen una resistividad de aproximadamente
500 a 100 KQ-cm. Valores tipicos de resistividad de la region
I son de 100 a 1000 Q-cm. En la practica, los diodos p-i-n
utilizados para la conmutaciéon de microondas tienen anchos
de region I de alrededor de 25 a 250 um.

La frecuencia de relajacion del dieléctrico del perfil del
diodo mostrado en la Fig. 4 se obtiene mediante.

153

fR,GHz = (D

Q-cm

Por ejemplo, un diodo p-i-n con una resistividad de al
menos 100 Q-cm en la capa intrinseca, tendrd
aproximadamente una fp = 1.53GHz. Asi para poder trabajar
con frecuencias de 5GHz o mads, se utiliza cominmente el
circuito que se muestra en la Fig. 4e.

En donde “p” es la resistividad que se forma por el
ensanchamiento de la zona de agotamiento comunmente
llamado “bulk resistivity” en el area libre de carga.

_24x10°W?

pQ—cm - VPT (2)

Donde W, es el espesor de la region [y Vpres el voltaje de
perforacion.

El espesor W correspondiente a un valor de tiempo de vida
de portadores (1) del diodo p-i-n, puede encontrarse por medio
de la relacion [4]:

W=y /uAPVTT(V%)

El voltaje de perforacion es calculado por la siguiente
expresion [1]:

€)
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La resistencia que se forma con una corriente de 100mA
sera menor que 1Q. También se observa la linealidad que
presenta este dispositivo incluso para altas corrientes [2].

0=l (6)

Por ejemplo, asumiendo un tiempo de vida de portadores de
5 us tipico de un voltaje elevado aplicado al diodo, unos 100
mA producen una carga de 0.5 pC.

F. Resistencia de Polarizacion Directa
La resistencia relacionada con la region intrinseca se puede

calcular con la siguiente expresion, valida para altas
frecuencias [4]:

W2

R, =———
2u ptl,

()

1

donde V= KT/q = 0.025852, u4p es la movilidad ambipolar
de las cargas [2]:

2p,u,
Hap = u,+ (®)
Por ejemplo, para el silicio u,p= 610 cm*/V-s [2].
Y tes el tiempo de vida de portadores.
Para frecuencias mayores a 1/t (=10/7) se puede utilizar:
2
V
O L ©)
L) 21,
Siendo
Ly =Dyt (10)

la longitud de difusiéon, que indica la variacién de la
densidad de portadores minoritarios de la region 1.

A medida que la frecuencia de trabajo disminuye, los
efectos de las uniones en el diodo pueden contribuir
significativamente a la resistencia total Ry, de tal manera que
R, llega a ser solamente una pequefia parte de Ry, a bajas
frecuencias [5].

En la region intrinseca, los efectos reactivos causados por la
modulacién de la conductividad también contribuyen
significativamente a la impedancia Ry del diodo p-i-n [2]. De
tal forma que la resistencia total del diodo en situacion de
polarizacién directa sera [5]:

R, =R, +2R,(f) (11)
donde:
KT w ®
R,(f)= o, p tanh (chos(d)—?j (12)

Con parametros dados por:

_ \/[coth a(l +cot’ b)]2 + [cot2 b(l —coth ? a)]

p 0 (13a)
(1 + 47z2f212)4 (coth *a+coth’ b)

w 2 02 2 o )
a=—->I\1+4r T° P cos| — 13b
2L( / ) 2 (136)

®

b = atan (7) (13¢)

B 1 cotb~(1—coth2a)
® = tn {coth a- (1 + cot 2 b)} (13d)
® = tan (7)) (13¢)

G. Parametros Rry Cyen Modelo de Circuito para
Polarizacion Inversa

Bajo polarizacion inversa el diodo p-i-n permanece como
una capacitancia constante a microondas debido a que la
region I estd agotada.

El parametro Ry en su conexion en paralelo o en serie se
refiere a la presencia de perdidas disipativas localizadas en las
uniones de los contactos 6hmicos y en la resistencia formada
por las regiones P+ y N+.

A causa de la alta constante dieléctrica relativa para el
silicio ez=11.8, la capacitancia formada en la region intrinseca
es pequeia y se calcula con la expresion [2]:

&yexD’
C ~2Z0ZRrR7T7 14
donde ¢ es la permeabilidad en espacio libre

g 85 x 0 " F . D es el didmetro de la union y W es la
cm

anchura de la region 1.

III. ANALISIS NUMERICO DE ALGUNOS PARAMETROS DE
FUNCIONAMIENTO DE DISPOSITIVOS DE MICROONDAS

A. Analisis Numérico de los Parametros de los Diodos p-i-n

Utilizando la expresion (11), logramos predecir el ancho de
region 1 de algunos diodos comerciales muy utilizados en
sistemas de microondas. Los diodos estudiados se muestran en
la tabla siguiente (Tabla I), con sus respectivas caracteristicas
de resistencia serie Ry y capacitancia de union C; dados por el
fabricante.

Para los diodos mostrados en la tabla encontramos los
valores de ancho W aproximados. La Tabla II muestra los
resultados obtenidos para frecuencias de microondas, de
10 GHz. Para estos calculos se utilizaron las expresiones (3)

y (6).
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directa aplicada se presenta un pequefio aumento en la
resistencia serie del diodo “Rs”, ubicada entre la “RF” del
generador y la carga. En cambio, bajo la condicién de
“interrupcion de potencia” el diodo se encuentra en
polarizacion inversa, por lo que presenta un estado de alta
impedancia entre la fuente y la carga [6].

En los conmutadores conectados en serie, el maximo
aislamiento que se puede obtener depende fundamentalmente
de la capacitancia del diodo p-i-n, mientras que la pérdida de
insercion y la disipacion de potencia se encuentran en funcion
de la resistencia serie del diodo [6].

Zo I,

AN

Io Zo

1al
™

AN

(b)
Fig. 8. Conmutadores SPST en base a diodo p-i-n
dispuesto en (a) serie y (b) paralelo

Los principales parametros de operacion de los
conmutadores conectados en serie es la pérdida de insercion,
situacion de baja impedancia del diodo por polarizacion
directa, y el aislamiento, situacion de alta impedancia del
diodo por polarizacion inversa.

Para encontrar la pérdida de insercion en el conmutador
conectado serie:

Esta ecuacion aplica para un conmutador SPST. Para los
conmutadores multi—tiro las pérdidas por insercion son un
poco mayores, debido a algiin desacoplo con los conectores
del diodo provocado por la capacitancia de los diodos p-i-n.

mwzzm%mb+& (15)

27,

77

Fig. 9. Conmutador SPDT [6]

La ecuacion para el calculo del aislamiento para
conmutadores SPST en base a diodos p-i-n es la siguiente:

I, =10log, |1 + (477CZ, )] (16)

Como se puede apreciar, un valor bajo de capacitancia
permitird obtener un aislamiento mayor. Esta es una
caracteristica requerida por las antenas de arreglos de fase en
sistemas de comunicaciones.

Por cada conmutador SPNT se agregan 6 dB con relacion al
50% del voltaje de reduccion a través del diodo en estado de
alta impedancia, debido a las limitaciones del generador en
cuanto a sus caracteristicas de impedancia [6].

2) Conmutadores conectados en derivacion o paralelo

En la Fig. 8b y 10 se muestran los dos conmutadores tipicos
con diodos p-i-n conectados en derivacion. Estos
conmutadores ofrecen elevados aislamientos para muchas
aplicaciones, debido a que el diodo permite disminuir el calor
en un electrodo y asi es capaz de manipular mayor potencia
RF que un conmutador con diodo p-i-n tipo serie.

En los disefios del conmutador con derivacion tanto el
aislamiento como la disipacion de potencia, se encuentran en
funciéon de los incrementos en la resistencia de los diodos,
donde las pérdidas por insercion dependen principalmente de
la capacitancia de los diodos p-i-n.

Los parametros de operacion de los conmutadores con
derivacion son descritos principalmente por las siguientes
ecuaciones.

La expresion para el calculo de pérdida de insercion para
ambos conmutadores con derivacion SPST y SPNT es la
siguiente:

IL,, =10log, |1 + (4zfC, Z, } | (17)

La ecuacion para el calculo del aislamiento para un
interruptor con derivacion SPST es:

Z
I, =201lo 1+ —2 18
dB g0 IR (18)

N
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Analisis Numérico de Pérdidas de Insercion de Conmutadores Disefiados con Diodos p-i-n

La pérdida de insercion para frecuencias por debajo de 10

Tipo Pérdida de Insercion, dB
R, Y (z,+R,Y
Se'rle.—r 0 log 0 1+ N + o T Ry
Derivacion 2 Zo 2 Xc
R Z,+ R
20 lo I+ =5|+101o 1+ =25
TEE gm[ Zo} g]([ [ 2X H

GHz es menor en el conmutador paralelo. Conforme aumenta
la frecuencia de operacion, la pérdida de insercion en los tres
conmutadores converge hacia 3 dB.

Se continu6 con el andlisis de las respuestas de pérdida de
insercion de los conmutadores serie, paralelo, serie-paralelo y
Tee, para dispositivos en base a los diodos presentados en la
Tabla I.

1) Pérdida de insercion de acuerdo a la frecuencia de
operacion

Para el analisis de pérdida de insercion respecto a la
frecuencia de operacion, consideramos la resistencia serie de
1.5 Ohms, en situacion de polarizacion directa, y capacitancia
de unidon de 0.0045pF, en estado de polarizacion inversa,
correspondientes al diodo p-i-n HPND4038.

10 T T
o IL Tee 1
o
=
:g 0.1F i
5 IL Conm. Serie -
2 Paralelo
S
o
©
°
© IL Conm. Paralelo
4

0.1 1 10 100

Frecuencia, GHz
Fig. 14. Pérdida de insercion respecto a la frecuencia de operacion.
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Fig. 15. Pérdidas de insercion de conmutadores en paralelo.

En la Fig. 14 se muestra la respuesta de pérdida de
insercion de conmutadores serie-paralelo, paralelo y Tee,
utilizando el diodo HPND4038.

Como se puede apreciar en la Fig. 14 los conmutadores
tipos Tee y Serie-Paralelo, tienen un comportamiento de
pérdida de insercion lineal y constante de 0.4 y 0.2 dB hasta
aproximadamente 10 GHz.
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TABLA IV
VALORES DE PERDIDA DE INSERCION EN LOS CONMUTADORES EN SERIE
PARA CADA UNO DE LOS DIODOS UTILIZADOS

Diodo IL(dB)
HPND4005 0.4
HPNDO0002 0.3
HPND4028 0.19
HPND4038 0.13
5082-0012 0.08

La Tabla IV muestra la pérdida de insercion obtenida de los
conmutadores en serie.

Las Fig. 15, 16 y 17 muestran la pérdida de insercion en dB
para los conmutadores en paralelo, serie-paralelo y Tee
respectivamente, en base a los diodos p-i-n de la Tabla I.

Se puede observar que la pérdida de insercion en los
conmutadores en paralelo es proporcional al valor de
capacitancia de union. Ver Fig. 17.

La pérdida de insercion en los conmutadores TEE y serie-
paralelo es directamente proporcional al valor de resistencia
serie del diodo p-i-n a utilizarse. En ambos conmutadores, la
pérdida de insercion es constante hasta los 3 GHz
aproximadamente. A partir de tal frecuencia, el valor de
pérdida de inserciébn aumenta abruptamente, presentandose
una dependencia mas directa con la capacitancia de union de
los diodos utilizados.

0.25 -
/
—— HPND4005 /
——— HPNDO002 /
02F e ppND4028 / 1
HPND4038 /
& ——5082-0012
=
5015 1
0.1} —— 1
- —
0.05} 1
0

1 f, GHz g

Fig. 16. Pérdida de insercion de conmutadores serie-paralelo.
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Restriccion del Uso de Teléfonos Celulares
en Ambientes Controlados

Maria Aurora Molina Vilchis, Ramén Silva Ortigoza,
Yasania Joselin Escalona Bautista y Héctor Oscar Ramos Garcia

Resumen—Es comuln que se provoquen interrupciones o
interferencias por el uso indiscriminado de teléfonos celulares en
eventos académicos, culturales o sociales, de ahi que surja la
necesidad de evitar o disminuir la recepcion o transmision de
llamadas. Otras restricciones pudieran estar relacionadas con el
uso de las camaras fotogréaficas que incorporan estos dispositivos,
la transmisién de mensajes o grabaciones de videos sin
autorizacion. En este articulo se presenta una aplicacion basada
en Bluetooth para el control del uso de estos dispositivos en
ambientes con restricciones.

Palabras clave—Bluetooth, restriccion del uso de teléfonos
celulares, protocolo de comunicacion.

Restriction of the Usage of Mobile Phones
in Controlled Environments

Abstract—It often happens that interruptions or interferences
occur due to indiscriminate usage of the mobile phones during
academic, cultural o social events. Thus, there is a necessity for
avoiding or diminishing transmissions of phone calls. Another
important restriction is related with the unauthorized usage of
cameras integrated in these devices, transmission of messages or
video capture without permission. In this paper, we present a
Bluetooth based application for the restriction of usage of the
mobile phones in specially controlled environments.

Index Terms—Bluetooth, usage restrictions for mobile phones,
communication protocol.

I. INTRODUCTION

A importancia que han cobrado las Redes de Area

Personal, se basa en la popularidad que han alcanzado los
dispositivos moviles tales como los teléfonos celulares, PDA y
computadoras portatiles, ya que permiten la comunicacion
eficiente en cualquier momento y lugar en un entorno
personal, de tal manera que se perciben estos dispositivos
como partes de un sistema de comunicacion integral a lo que
se le ha dado en Ilamar computacién pervasiva. Este concepto
novedoso se le atribuye a Mark Weiser quien lo anticipé en

Manuscrito recibido el 18 de febrero del 2008. Manuscrito aceptado para
su publicacion el 20 de agosto del 2009.
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sus escritos en 1988, cuando trabajaba para Xerox en el
laboratorio de Palo Alto (PARC) en EUA.

La evolucion que han tenido los teléfonos celulares ha
logrado que este concepto sea ahora una realidad, al
incorporar funcionalidades que no hace mucho parecian
futuristas como la transmisién y recepcién de archivos
multimedia, ejecucién de juegos, reproduccién de archivos
MP3, correo electronico, Web, envio de mensajes de texto y
fotografias, recepcion de radio y television digitales, entre
otros. Lo anterior los ha hecho ser los dispositivos moviles
mas populares por excelencia, sélo en México existen casi 65
millones de teléfonos celulares.

No obstante, el abuso indiscriminado de estos dispositivos
ha creado serios problemas, sobre todo la recepcion o
transmision de llamadas telefénicas en los ambientes con
restricciones de comunicacién, pues generan interrupciones no
deseadas sobre todo en eventos culturales, ruedas de prensa,
ambitos académicos, etc. donde existen prohibiciones de uso.

En este articulo se presenta el desarrollo de una aplicacion
de una red Bluetooth para el control de comunicaciones
telefénicas celulares en ambientes controlados. La seccion 1l
trata de los aspectos técnicos de la red Bluetooth. En la
seccion 111 se presenta el disefio de la aplicacion. En la seccion
IV se presenta su desarrollo y los resultados de las pruebas de
operacion.

La tecnologia Bluetooth se ha incorporado de manera
natural a estos dispositivos facilitando su interaccion y
comunicacion, y se erige como el estdndar de facto de las
redes de area personal. Sin embargo, el origen de esta
tecnologia estd relacionado estrechamente con las
investigaciones en el campo de las comunicaciones
inaldmbricas [1]. Asi, desde su origen en la década de los 70
hasta la actualidad el interés por estas redes se ha visto
progresivamente incrementado convirtiéndola en la tecnologia
méas popular de los Gltimos afios. Los recientes avances en la
materia se han centrado en las redes ad hoc. Este término hace
referencia a redes flexibles inaldmbricas sin infraestructura,
donde los dispositivos se conectan de forma autdnoma.

Estas redes deben poder adaptarse dinamicamente ante
cambios continuos, como la posiciéon de los dispositivos, la
potencia de la sefial, el trafico de la red y la distribucion de la
carga. Su principal reto estriba en los continuos e
impredecibles cambios de topologia.

TRABAJO PREVIO
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