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In recent years, the amount of machine¢ readable resources has been rapidly increasing,
including the textual content of the WWW. While the amount of information increases, it
has also become more difficult for an average user to access specific and reliable
information. Consequently, the usability of this resource is limited, especially for users
who do not possess sufficient knowledge and/or experience with using the currently
available solutions. Since language along with its communication function is used to
represent knowledge and human beings’ recognition of the world, one can perceive the
growing size of textual resources as an asset usable for providing commonsense
knowledge to computer systems. Without such knowledge machines cannot reason in a
way similar to human beings, which slows down the spread of AI systems. The
dissertation addresses these two issues by describing and evaluating methods for factoid
and commonsense knowledge retrieval from the WWW.,

Chapter 1 presents Internet as a source of information and knowledge usable both for
human beings and computer systems. Then the research motivation is presented with an
overview of proposed methods and solutions, along with their applications to the
Question-Answering, Interactive Clustering-Driven Question-Answering and Automatic
Knowledge Retrieval Systems.

Chapter 2 describes methods applicable to question-answering systems including
question classification, query formation and answer candidate extraction and verification.
After the introduction that provides background on question-answering, the chapter
presents in detail the question classification task and the applicably of question category
information to various parts of the Question-Answering System. The proposed question
classification method uses a Support Vector Machines based classifier trained with an
extended set of features applied to a fine-grained taxonomy that includes 50 question
category types. The described method provided the highest classification accuracy rate
reported in literature, outperforming other approaches that used the same training and test
data.

The basic idea that motivates the Query Generation Patterns method is that for questions
that belong to the same question category and have a similar syntax, the same generation
rules can be used to form a set of queries that retrieve an answer-rich set of documents.
The Query Generation Patterns allows the Question-Answering System to automatically
acquire knowledge on how to form reliable queries. It provided information on an
optimal combinations and modifications of question words; possible extensions of a
query with non-question words, that can be applied to questions from a given questions
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The answer candidate extraction and verification processes extensively use question
category information to provide constraints on the scope of plausible answer candidates.
This section presents the creation and application of the fine-grained Entity Recognition
tool, as well as various question category dependent answer candidates extraction
methods and search strategies; including the question category reliant selection of highly
applicable and reliable online sources.

The motivations to present the Interactive Clustering-Driven Approach to Question
Answering includes the observation that a natural communication between human-beings
is not limited to a single question-answer pair. It frequently involves interlocutors
interacting to further specify sought-after information, reconfirming or rephrasing an
original question. Additionally, a human being possesses intuition, commonsense or
partial knowledge on a topic that can be used to support the Question-Answering System.
A meaningful system-user interaction, based on initially retrieved set of documents
provides the means to adjust the search space and to select an answer rich set of
documents closely related to a question. It also addressed users expectations concemmg
naturalness and intuitiveness of accessing sought-after information.

Chapter 3 presents the method for automatic knowledge retrieval from the Internet
resources. After the motivation for this research is presented, the chapter describes other
projects that aim at the creation of a knowledge base of assertions or concepts about
everyday world. The goal of the presented method is to automatically create entries to a
knowledge database, expressed in the natural language form, similar to the ones provided
by the volunteer contributors in a projects like Open-Mind Commonsense (OMCS). Since
only a small fraction of the statements accessible on the Web can be treated as valid
knowledge concepts methods for their filtering and verification were considered, based
on similarity measurements with the concepts found in the manually created knowledge
database.

Chapter 4 describes the application of the presented methods to Question-Answering
and Knowledge Retrieval Systems. The evaluation of the methods proposed for the
question-answering was performed using questions from the QA Track of the Text
Retrieval Conferences (TREC). The experiments demonstrate the effectiveness of the
proposed methods and their influence on the usability, behavior and overall accuracy of
the Question-Answering and Interactive Question-Answering Systems. The application of
the Knowledge Retrieval method proved that the system was capable of automatically
discovering and filtering knowledge concepts in a user-selected domain with high
accuracy. Some of the automatically retrieved knowledge concepts provided semantic
equivalents of the statements that were manually input to the OMCS. Other statements,
while including more details compared to the OMCS entries, could also become a part of
a knowledge database. The results also confirmed that the system was able to retrieve
high quality knowledge concepts, even for the terms that were not described in the
knowledge database built by mass collaboration of Internet users.

Chapter 5 presents overall conclusions and discussion on the future development of
solutions for accessing sought-after information and knowledge from machine readable
resources, as well as applicability of commonsense knowledge to computer systems for
smoothing the human-machine interaction.
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B, WWW RRICEET ARRATMREOESSEICHRLTNS.
EEI-NE CRET DVOERN—FOBEBITES L bD TR
<, BROB O —PREFEHOBVENRZRBEBREL/DL LB TER
W, BERF—FIZEEDEL ETCHAREHEZET SV IME
BRERT B DICHELRIToCE . EFIARXTEHRER N 2I2=
r—3a VESBEDOAR TS, HRAABRCHARBEERT DDA
REFH/EA SN TVBDT, WWWRa—RRREDOTFHFAL U Y-
ZOEABHERT AT AAOEBOMBOMBIRE LTRIATEDSZ L
FEBLTVS. |

EEITEER L BRSO WWW 225 OB OFREEITV, LT
R ER R LB FEERERL, FOFEEAVEERI AT A%
B%E L, MAEESMEEREITo72. BENRBLIEFER, A F 7774
S22 5 22 Y 7 EE (Interactive Clustering Driven Approach), 7 = U4
BotF—r AW = ) ARFHE (Query Formation based on the Query
Generation Patterns Method) , ik v b AV SVM IZ X SRR
F#: (Support Vector Machines Based Question Classification Method with the
Extended Set of Features) Th Y, ZhbOFHERT XX MR, WERE
B LBROMBICISA L. £, EEIZ WWW _EOEBROMBRE T
—RESLHEM L AT ARFATE AHICERTIFHEERARE L. £
R LIS OFEEIX Web I2E-S < BRIIGE A7 1(Web Based Question

Answering System), £ > ¥ T 7T 4 TIp s T RAX Y U I FEIT X ZREBIR
% 25 I (Interactive Clustering Driven Question Answering System) R}
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Web (2 &3 < 555815 X7 5 (Web Based Knowledge Retrieval System)
WIS &, EBRICL Y MM E2IT-o 7.

EEPRRLUZEMSEFEIERFECHENTHEVEELE TS,
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7, BHEIAVE—Fy b ) Y—2pbaly BBMICHHET3E
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