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Abstract

In this work we deal with the problem of finding people on the Internet.
Our main aim is to find information about people working in the field of in-
formatics as managers or owners of companies who are suitable candidates
to reach out to offer a partnership. We describe the problem of Business part-
ner search and we propose an algorithm of search by hand which may serve
as the basis for real algorithm. Because of the fact the downloaded docu-
ments from the Internet usually contain a lot of irrelevant documents, the
tests realized in this work are focused on their basic pre-filtering. We found
out that decreasing of too high baseline in the training set may lead to bet-
ter performance provided that we selected relevant documents on unseen
data. Furthermore, when we classify documents about managers working
in the field of informatics it is comparable to classify them by two stage
classifiers.The results of these tests are not only applicable for basic search
results pre-filtering but the thesis also provides theoretical background for
real application able to search potential business partners.

Abstrakt

V tejto préci sa zaoberame problémom hladania Tudi na internete. Nasim
zdmerom je najst informécie o osobéch pracujucich v oblasti informatiky na
manaZérskych pozicidch alebo vlastnikov firiem, ktori stt vhodnymi kan-
did4tmi na spoluprécu. Popisujeme problém vyhladdvania obchodnijch part-
nerov a navrhujeme algoritmus ru¢ného vyhladévania, ktory moze slazit
ako zéklad pre reélny algoritmus. KedZe dokumenty stiahnuté z internetu
zvytajne obsahujt velké mnoZstvo irelevantnych dokumentov, testy v tejto
préci st zamerané na ich zakladné prefiltrovanie. Zistili sme, Ze zniZenie
baseline na trénovacej mnoZzine moze viest k lepsim vysledkom klasifikécie.
Navyse, ked klasifikujeme dokumenty o manazéroch v oblasti informatiky,
podobné vysledky mozeme dostat aj dvojstupiiovym klasifikovanim. Vy-
sledky tychto testov st nielen aplikovatelné pre filtrovanie vysledkov vy-
hladavania, ale tato praca poskytuje teoreticky zaklad pre redlnu aplikaciu
vyhladavajicu potencionalnych priemyselnych partnerov.
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Introduction

We live in the age of information technologies and the Internet. More and
more people are using the Internet every day and everybody leaves their
fingerprints of the work there. People present themselves, share their opin-
ions, emotions and personal information in general. The Internet has also
become one big market place where businessmen and whole companies
offer, sell and distribute their products. With the growing number of in-
formation about people on the Internet people search for other people too.
They have personal reasons but there are also businessmen and companies
searching for suitable candidates to reach out to and offer a partnership.

In the first chapter we introduce reader to the Information retrieval top-
ic. We will talk about the most used information retrieval systems — web
search engines and types of queries they support. A short introduction to
data mining techniques is in the second chapter. We discuss three key parts
of data mining there: pre-processing, data mining and validation. In chapter
three we define Web Person Search problem. At first we divided people
into two main groups by their presence or absence on the Internet. We de-
scribed the problem, its difficulties and we made a survey of methods used
for person disambiguation. In chapter four we compared the problem of
Web Person search with the problem of Business Partner search. The search
for business partners is slightly different in comparison to the simple per-
son search, therefore we discussed also other types of problems we have
to solve. We also made a survey of useful information resources appropri-
ate for this problem. In chapter five we discussed the techniques of pre-
processing which we used with focus on web documents. In chapter seven
we describe the tests we performed. We collected, pre-processed and clas-
sified gathered documents from the web. The results of classification are
described in chapter eight. In the last chapter we make conclusion of the
work and describe possible extension and future work.



Chapter 1

Information retrieval

“Sharing knowledge is not about giving people something,

or getting something from them.

That is only valid for information sharing.

Sharing knowledge occurs when people are genuinely interested in
helping one another develop new capacities for action;

it is about creating learning processes.”

— Peter M. Senge [33]]

Ever since we can remember people gather and exchange data. The in-
ception of sharing information was in sound, speech and gestures. Step by
step people found another ways how to share information when they want
to avoid misinterpretation. Books and written text or symbols were a good
transfer medium between different people and generations of people. Au-
thor wrote his thoughts and findings so everyone had the same interpreta-
tion. Books play important role in sharing and exchanging knowledge or
information over the centuries. People have built libraries to facilitate the
exchange of books and therefore the exchange of knowledge.

With the invention of information technology all the gathering, exchang-
ing and sharing of information has become easier. The latest medium for
sharing and exchanging information is with no doubt the Internet. From
the beginning the Internet was used only for exchanging knowledge be-
tween scientists. With the increasing number of people and companies con-
nected to the network, the number of information is rapidly growing. Sim-
plicity and speed of obtaining information from this source has made it a
dominant seeking method for today’s modern people. Nowadays it is more
usual to see people search on the web rather than in a library.
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1.1 Query types

Search of a document is provided by Information Retrieval (IR) system. User
sends query to IR system and it returns a set of documents according to
the query. It represents the user’s information needs which is in one of the
following forms: Keyword queries, Boolean queries, Phrase queries, Proximity
queries, Full Document queries and Natural Language queries [20].

Keyword queries The user query is usually composed of few keywords
also called terms. Terms in the query are usually connected with some kind
of AND operator. So IR system looks for the presence of all words in the
query, but not necessarily all of them. For example for the query “Machine
learning” system translates it like “Machine AND learning” and finds doc-
uments according to this query. The resultant documents are ranked and
presented for the user. In some IR systems the order of the words also plays
an important role.

Boolean queries The query can contain also boolean operators such as
AND, OR, NOT. The query is then represented as logical formula and the doc-
ument is returned by the system only in the case the formula is valid in that
document.

Phrase queries This type of query is compound of a phrase or whole
sentence. In search engine there is usually a phrase enclosed in double
quotes. All returned documents should contain at least one occurrence of
this phrase.

Proximity queries The proximity query is a composition of Phrase queries
and Keyword queries. The distance between terms and phrases is used to
count relevance of the document. When they occur close to each other, the
document is more relevant for the user.

Full Document queries These are queries where the user posts the whole
document. IR system then searches for similar documents and returns them
sorted by relevance to the user.

Natural Language queries Natural Language query is a type of query
where user can specify his or her needs in natural language. It is the ideal
state, but this type of queries are not fully supported by current IR systems.
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Some systems try to handle this kind of queries only partially. They focus
only on some subset of queries, e.g. requesting for some services or defini-
tions.

1.2 Web search engines

The most used and known Information retrieval systems are web search
engines. They are especially designed to search for information available on
the Internet. They usually search for content of the Internet and they make
their own database of documents but collaboration between search engines
exists as well. The most famous and used search engine is with no doubt
Google with 91.06% then bing with 3.58%, Yahoo! with 3.56% and all other
with 1.80% 1]. There is a cooperation between bing and Yahoo! [32]. They
provide similar results for the same query and obviously also the number
of users for both of them is similar.

The success of these search engines is also in the services they provide.
They try to handle all types of queries and give users what they are really
searching for. To be able to give users a good responses search engines try to
implement all kinds of user query forms and their combinations. Search en-
gines also add a new functionality for searching. For example Google is able
to search for synonyms or replace * sign with any unknown term. Google
also adds a new functionality compared to other search engines. The list of
search options for the major three web search engines is in Table Like
we can see there, all of them implements searching for the first four basic
query forms: Keyword queries, Boolean queries, Phrase queries and Proximity
queries. Google also extends its functionality with the fifth query form Full
document queries. You can specify in the query the URL of the document and
the search engine will search only in documents similar to that specified.
Google has recently also added functionality which allows you to search
for similar images. For the query refinement you can also use another func-
tionality, for example you can search in specific site, in document’s title or
URL. Or you can just search in specific types of documents.

However the power of a search engine is not only in the number of cov-
ered types of queries. Users are usually expecting fast results. Even skilled
search engine users will not use it if it has a slow response. The relevance
of the returned documents is also important. Users will prefer to use the
search engine which will return to them what they were looking for among
the first links,rather than using those which offer the information lost some-

1. Statistics are for the last year, exactly from April 2011 to March 2012
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Google Yahoo! Bing
Exactly as it is +<word> +<word> +<word>
Exclude terms -<word> —-<word> -<word>
Exact phrase "<phrase>" "<phrase>" "<phrase>"
OR,AND,NOT <tl> OR <t2> <tl> OR <t2> <tl> OR <t2>
Synonyms ~ <word> Not possible Not possible
Fill in the blanks <tl> x <t2> Not possible Not possible
Alternate query types
Search for links link:<URL> link:<URL> link:<URL>
Similar pages related:<site>| Not possible Not possible
Query modifiers
Search in site site:<URL> site:<URL> site:<URL>
Search in title intitle:<word>| intitle:<word>| intitle:<word>
Search in URL inurl:<word> inurl:<word> inurl:<word>
File type search filetype:<ext>| filetype:<ext>| filetype:<ext>

Table 1.1: Overview of symbols used by search engines

where between the results. Therefore search engines use various techniques
how to increase the precision and the recall of retrieved documents. They
usually rank documents and index them by some rules. For the ranking
of the importance of the page they usually use PageRankE] or similar tech-
nique. Pages with the higher score are then placed in higher positions. Page
creators or spammers sometimes put inappropriate content on pages be-
cause they want to raise up their position between results. Therefore search
engines use also TrustRankﬂ method to penalise such pages.The search en-
gines can return better results for the user if they also remember the search
history of the user. Using the history they are able to return more person-
alized results because they know approximately the field of interests of the
user. This personalized search can be omitted through API of the search en-
gine. This can be pity for the programs and automatic querying in case they
are only focused on certain topic.

2. “PageRank is a family of well known algorithms for assigning numerical weights to hyperlinked
documents (or web pages or web sites) indexed by a search engine. PageRank uses link information
to assign global importance scores to documents on the web. The PageRank process has been patented
and is described in U.S. Pat. No. 6,285,999. The PageRank of a document is a measure of the link-
based popularity of a document on the Web.” [4]

3. “TrustRank is a link analysis technique related to PageRank. TrustRank is a method for sepa-
rating reputable, good pages on the Web from web spam. TrustRank is based on the presumption that
good documents on the Web seldom link to spam. TrustRank involves two steps, one of seed selection
and another of score propagation. The TrustRank of a document is a measure of the likelihood that the
document is a reputable (i.e., a non-spam) document.” [4]



Chapter 2

Data Mining

“The goal is to transform data into information,
and information into insight.”

— Carly Fiorni

Gathering of a huge amount of data evokes the need of their automatic
processing. People want to know whether there is some hidden knowledge
and how the message can be used. But how to mine this hidden knowledge
from the data? That is the reason why data mining has been developed.
There have been many algorithms developed to extract knowledge from
the data set. The process of mining data involves these tree key parts: pre-
processing, data mining and validation.

2.1 Pre-processing

Pre-processing of data is an important step of data mining. Raw data are
usually incomplete (there are missing values), noisy (contain impossible
values, for example age is -10), inconsistent (expected values are different,
for example date of birth is 11 December 1999 and the age is 35) or they are
not suitable for classification algorithms (Algorithm accepts numbers only,
but we are working with text).

There are different reasons why data are dirty. Incomplete data are of-
ten the result of different thinking processes at the time when the data were
collected and the time when they were analysed. It is also the failure of
software or hardware. This failure can be responsible for noisy data too. As
a result of this, data contain some outlying or occasional values. Another
producer of noisy data is of a human kind. When the results are collected
manually, they may contain measure mistakes or when the person who is
processing data is not focused on work he inducts mistakes too. The incon-
sistency of data is not so common but may occur too. It can be caused by
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joining of data from different sources or by the software or human failure.

There have been developed several techniques how to handle wrong at-
tributes or instances. Missing values are estimated by other data from data
set or by external knowledge about the problem. Identified outlying values
are removed or data are normalized. For inconsistent data there is required
some external knowledge about problem to decide which values are cor-
rect, which values to remove and which values to leave or change. Dupli-
cate records are considered as dirty data too and they also need cleaning.
These techniques are only few from the large number of all the techniques
used in pre-processing. The techniques depend on the nature of the prob-
lem and we have to pick the suitable one for our data.

2.2 Data mining

When our data is purified we can apply some techniques of data mining
to extract previously unknown and potentially useful hidden knowledge.
There have been developed a lot of algorithms for mining the knowledge.
We can divide them into several groups according to what problem they can
solve. The main groups are: Classification, Clustering and Association rules.

Classification is a process when the algorithm tries to categorize instances
to predefined classes. The task of the algorithm is to find common features
of learning instances which belongs to the same class. Classification is the
most common problem therefore the number of algorithms solving this task
is quite high. We can sort them to several categories: Bayes, function, meta,
rule, tree classifiers but there is even more of them.

Clustering is similar to classification problem. The difference between
clustering and classification is that for the clustering task we do not know
categories. Algorithm itself tries to find similar attributes and compute their
distance from other instances. Documents belong to one cluster if they have
low distance from other documents belonging to the same class. There are
two different types of algorithms: algorithms which require to know in ad-
vance the number of categories present in data and algorithms which guess
the number of categories by themselves.

Association Rule mining algorithms are methods for discovering hidden
relationships in data sets. They try to find rules applicable for instances in
data set. For example they may find the rule: “When somebody buy diaper he
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tends to buy beer too.” in the sales data. Seller then may decide what promo-
tion he may provide or how to sort goods in the store.

2.3 Validation

There are various ways to assess how the mined knowledge is able to cover
new examples. Sometimes during the training phase the algorithm learns
to recognize learned data, but when we provide new data it can get into
troubles. This state is called overfitting. To see how accurate our model is we
can use several techniques and compute various statistics.

Statistics

The computation of statistics for the model is an essential part of data min-
ing. When we classify and divide examples into two classes as positive and
negative we can compute Accuracy, Precision and Recall based on the Confu-
sion matrix (Table 2.1]).

Prediction outcome
Positive  Negative

o True False

0 .,E Positive || Negative

5 ‘®

= 8 (TP) (EN)

>

_g o False True

< = Positive | Negative
%D (FP) (TN)

Table 2.1: Confusion matrix

Then statistics are defined as follows:

7P|+ TN

— 2.1
aceuracy = Bl 1 |FP| + [TN| + [EN] @1

. IrP|
= 2.2
precision ||TP|| n HFPH (2.2)

IrP|

= 2.3
recall = P T FN] @3)
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Methods
Split data set

One of the statistical approach how to check the model, is to divide data
into training set and test set. The training set is used during the phase of
learning model. When the predictive model is created then the test phase
follows. In this phase we submit test examples and compute statistics of
model prediction. The most common question is how to split data set to
training set and test set. It is also hard to answer what the best number is.
The most common used split is around % (60-80%) for the training set and
% (20-40%) for the test set.

Cross-validation

Another widely used technique is cross-validation. The test set is split to
more subsets. In one round of testing one subset is used as a test set and
other subsets are used for training. Every subset is used as a test set and the
computing of the final statistics is based on the results of all the test rounds.
There are two basic approaches of how many subsets to create:

e  When we split the data set to K equal subsets we call it K-fold cross-
validation. One subset is always left for testing and the rest K — 1 sub-
sets are used for learning. In this case the learning and evaluation is
repeated K-times.

. Leave-one-out cross-validation is similar to K-fold cross-validation but in
this case the K is equal to IV, where N is the size of data set, which
means there is always only one example used for validation and the
rest of data are used for learning model. This model of validation is
quite expensive and unsuitable for too big datasets.

11



Chapter 3

Web Person Search

“In the end, it’s still best to wait for the one we want
rather than settle for what’s available.

It’s still best to wait for the one you love

rather than to settle for the one who’s around.

It’s still best to wait for the right person,

because life’s too short to be wasting it on the wrong one.”

— Leslie Sheh T.[34]

The amount of the information on the Internet is constantly growing. With
the enlargement of the Internet the number of personal information posted
in there grows too. The most current trend are social networks where people
put a lot of personal information. People are sharing their opinions on var-
ious blogs, discussing on forums or just creating their own personal home-
page. It is still more and more common for people to share documents with
their work and people keep putting everything online. Companies use the
web as a good market place or they use it as a presentation medium. All
these small pieces of information create one huge source medium. Whether
we want or not our name or nickname occurs on the Internet more and
more often. It is still easier to track users, their work, field of interests and
privacy too.

The reasons for searching people on the Internet are various. Business-
men can search for similar field of their business and for the people who
are interested in the similar area. There is a competition between compa-
nies and the fight for talented people is very common. Companies are also
looking for partnership and cooperation with other firms. Non-profit or-
ganizations or organizers of events often need to find sponsors. It is more
likely that the person interested in the similar field of interest will support
the organizations more than somebody who is not interested in the issue at
all. But not only businessmen are looking for other people. There might be

12
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also some personal reasons to search for people. Somebody needs to find
contact information about somebody else. Or a person does not have ac-
tual information and needs to update it. Another reason arises when we
know or meet somebody and we need to find out more information about
that person. We might have our personal reasons, but nowadays it is also
important if we care about our safety too. Especially when we know the
person only via the Internet being cautious is important.

3.1 Who can we find?

Is really every single person available on the Internet? Can we find any-
body? It is not hard to answer that question and the answer would proba-
bly be no; we cannot. We can split people to a few groups by their presence
or absence on the internet.

The most common case is when people put information about them-
selves there. They usually use the social nature of the Internet — various
blogs, forums, social networks, homepage and other ways to express them-
selves. Another group of persons who appear on the Internet are famous
people and celebrities. They do not need to put information there, because
other people make it for them. Also people working in firms are of a simi-
lar group. If they work in higher job positions or they own a company we
can find at least contact information on their company page. We can find
also active people joining or leading various activities. They usually want
to present the activities they do and put information about them on the In-
ternet. Another big group are people working in government. They are re-
sponsible for public affairs so they have their contact information available
too. We cannot forget also the group of people joining various competitions
or petitions. They put their contact information there and sometimes leave
them publicly available.

On the other hand, there are also people who are difficult to find. The
most spread and the largest is the group of people who do not use com-
puter or the Internet. Also paranoid people or people protecting their own
privacy do not share a lot of information about themselves. Of course this
only applies in the case if nobody posts anything about them.

13
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3.2 Problem definition

Definition 1 Let g be a query for search engine with the name of the per-
son we search for. Let S = {S1,S5s,...,S,} be a set of documents returned
by search engine E. Let PD = {D1, Dy, ..., D,} be a set of documents con-
taining the name of searched person where PD C S and m > n. We suppose
every document D; contains only information about one real person. Set
PD contains k persons. Input for algorithm is query q and output is set of k
clusters of documents D; belonging to one real person.[39] [44]

We post a query g to a search engine and we receive set of documents S.
The query can be modiﬁedﬂby search engine and returned set of documents
does not necessarily contains searched query. Query modification can be
considered as a good but there are also situations where it causes more
harm than profit. For example when we search for the name it is good when
it finds also inflected words. On the other hand, when instead of Mahrik
(person’s surname) it finds Mdhrik, the results may be misleading.

Even when all found documents contain only one name, there can be
more physical persons with the same name. The algorithm for finding peo-
ple on the web has as its input a set of documents with person’s name. The
task for the algorithm is to sort these documents according to real persons
who occurred there. As an output of the algorithm there are groups of doc-
uments where each group represents one real person and the documents
belonging to this person.

Named entities

When we want to identify person correctly, we need to know some facts
about it. These facts are in the field of information extraction also called named
entities. There is no exact definition of what the named entities are. On the
WebKnox BlogE] they tried to explain it by the means of “concept” as: “A named
entity is a collection of rigidly designated chunks of text that refer to exactly one

1. Search engines use various techniques to modify original user query to provide more ac-
curate search results. Query preprocessing actions can be found for example in patents: US
2009/006365 A1[21]], US 7472113[41] or a good article on what actions search engine takes is
available here: http://www.infotoday.com/searcher/may01/1iddy.htm
It is just for overview because it is not a part of the aim of this work.

2. WebKnox is a question answer system. Service is available on the URL: http://
webknox.com/

14
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3. WEB PERSON SEARCH

or multiple identical, real or abstract concept instances. These instances can have
several aliases and one name can refer to different instances” [42].

The main task of Named Entity Recognition systems is to identify and
extract named entities from a document. There are several categories of
named entities such as: names of persons (first, last, other names), orga-
nizations (organization name, job positions); locations (address, URL, GPS
coordinates); expressions of times (birth date, anniversary dates); phone
numbers; e-mails; quantities; monetary values; percentages and others.

Jiang et al. identified eight important named entities when we search for
a person: Name, organization, address, profession, telephone number, date of birth,
e-mail, URL[16]. Not all of them are present on the Internet, but when they
occur together it can be a strong identifier of a person. But not only named
entities may help to identify person. Yoshida et al. found when Compound
Key Words (CKW) occurs in a text it is a strong identifier of the person [44].
For example for the name Bill Gates the CKW may be “chief software archi-
tect” or for a baseball player it can be “baseball stick”.

3.3 Problems connected with WePS

If we have already tried to search for some persons, maybe we have had
some troubles. One name refers to more physical persons and sometimes
it can be hard also for a man to decide who is the right person without
any external knowledge. Some information can be also out of date and can
lead to some mistakes. When we are trying to make this process automatic,
we can have even more troubles. Documents are in different formats and
encodings, so at first we need to transform them to common format with
common encoding. Also when page contains more names and contact in-
formation belonging to those persons. It is hard for algorithm to decide
which contact information belongs to which person. Another problem is
with pages which use JavaScript to generate their content. User can see all
information in browser, but algorithm can see only JavaScript code. It gets
even more difficult when the whole site is written in Flash. We have to ex-
tract text out of the Flash program.

3.4 Related work on WePS
The problem to find information about a person on the Internet is more

known than it might seem at first. From all incoming queries to web search
engines 30% of them contain a person’s name [3]. The first workshop on

15
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Web Person Search was held in Prague in 2007. The need of this workshop
arose from the growing number of people interested in this topic and also
new web services offering finding people on the Internet. The main goal of
this workshop was to build a testbedE] corpus for development and evalu-
ation of WePS systems. It was necessary to start an evaluation framework
for WePS systems [3]. Another two workshops about this topic were held
in 2009 and 2010

However, this topic is not interesting only as a challenge for researchers.
Various commercial but also open source projects are trying to create such
a system. The system should find information about people on the Internet,
cluster them and try to sort found documents by physical people. Here is a
short survey of such a systems:

GRAPE Web Person Search[16] is based on the C’arrot?ﬂ clustering en-
gine. It is able to search through different web search engines API and col-
lect results. You can choose from different clustering algorithms for clus-
tering results or you can just write your own if either fails to comply with
your requirements. GRAPE defines its own clustering algorithm focused on
people clustering.

Commercial systems

Pipl is focused on systems not indexed by web search engines [29].
Pipl is available on URL: http://pipl.com/

iSearch searches in data previously aggregated from publicly available rec-
ords [15].
You can find iSearch on URL: http://www.isearch.com/

123people searches through web pages not necessarily indexed by other
search engines [2].
Service is available on URL: http://www.123people.com

Wink offers more options how to refine search query [25]].
The system is available on URL: http://wink.com

3. “A platform on which an assortment of experimental tools and products may be de-
ployed and allowed to interact in real-time. Successful tools and products may be identified
and developed in an interactive, evolutionary, interdependent process.”[10]

4. Web page of workshops: http://nlp.uned.es/weps/

5. Carrot® can be found on URL:http://search.carrot2.org
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3. WEB PERSON SEARCH

Yahoo! People search integrates people search to Yahoo! web search. Is the
same like you use Yahoo! search with following controls:
first:"<name>",last:"<surname>",city:"<city>",state:
"<country>" [43].

You can find Yahoo! people search on the URL: http://people.yahoo.

com/

PeekYou tries for every public weblink answer the question, “Who made
it?” or “Whom is it about?” [28].
PeekYou is available on: http://www.peekyou.com/

intelius Daily update its database and accessing to various public records
sources from their data partners [14].
Intelius service is available on the URL: http://www.intelius.com

3.5 Disambiguation model

The main task of the disambiguation algorithms is to split the set PD and
make k clusters. Every cluster should represent one real person. This can
be a difficult task, because the same person occurs in different contexts and
usually with very little and often disturbing elements [11]. Now we de-
scribe some used approaches for disambiguation persons and documents
associated with them.

TruthFinder [11]

Web pages contain a lot of controversial information about a lot of objects.
Truth analysis intended to ascertain the correct information about each ob-
ject. TruthFinder is using this two main heuristics to approve correct infor-
mation:

o “an assertion that several information providers agree on is usually more
trustable than that only one provider suggests”[11]].

o “an information provider is trustworthy if it provides many pieces of true
information, and a piece of information is likely to be true if it is provided by
many trustworthy web sites”[11].

Graph making [39]

Is the approach where we construct a graph based on occurrence of named
entities. Named entities represent vertexes and we can make edge between
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3. WEB PERSON SEARCH

vertexes when the named entities occur in the same document. The strength
of the connection between named entities depends on weights of vertexes
and edges. After we set weights we run clustering algorithm which will
make clusters on that graph. Graph is split to sub-graphs where each sub-
graph represents a certain person.

Fuzzy Ants [19]

This algorithm is inspired by nature. It is inspired by the technique of ants
when they collect corpses to two heaps. In laboratory conditions ants al-
ways know where to put corpses. It is not specified how many heaps there
should be. It is inspired by the idea that ants behaviour can be flexible and
we can express it by condition IF-THEN. At the beginning of the clustering
there is no initial partitioning. Ants can take one item or the whole heap
of items. At any moment in time the ants can decide whether to pick-up
or drop item or heap of items. The reasoning whether to pick-up item or
heap of items is based on counting of documents similarity. Also dropping
of items or heaps is based on counting of similarity between documents.
By these simple steps ants make heaps which represent clusters and each
cluster represents one real person.

Double stage clustering [44]

In this approach the words in a document are split to two groups: strong
and weak words. Strong words can distinguish document between clusters
and weak words cannot. Strong words are named entities and compound key-
words. Other words in the document are treated as weak words. For exam-
ple Memory and algorithm are weak words for Programmer. In the first stage
of clustering algorithm distinguishes documents only by strong words. It
makes clusters. Based on these clusters it sets weights for weak words. In
the second stage of clustering algorithm also takes into account the weight
of weak words and rebuild clusters.
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Chapter 4

Business partner search

“If we are together nothing is impossible. If we are divided all will fail.”
— Winston Churchill

When the reasons for finding people arises from our business the re-
quirements for finding people may slightly differ from the original WePS
task. When we search for our potential business partners we usually have a
list of people. Out of this list we have to pick persons who are suitable can-
didates to reach out to offer a partnership. It means we have to look also for
the scope of the work of that person. If this scope is similar to the one we are
looking for, this person is more relevant for us. We also need to find some
other information about the person or the person’s company. When we are
looking for sponsors, it is good to know if the person has already sponsored
some event. If so, it is more likely for them to sponsor also another event.

4.1 Problems connected with searching for business partners

When we are searching for business partners we might be confronted with
several problems. We can find a lot of information about person but this
information might not be associated with the company the person works
for. And if the company sponsored an event we might not find this out. The
problem appears also when companies cooperate together. On the page of
the company can be mentioned the name of our searched person. But this
person does not necessarily have to work in this company and algorithms
can be confused by this. Another kind of problem is that search engines do
not index the whole internet. So some pages such as business registers are
not available through this search.
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4.2 Search by hand

Our first aim was to understand how to find people and acquire some expe-
rience. So at first we tried to find people on Google by hand and write some
notes why have we chosen that person or why we discarded the found doc-
ument. By our personal experience we proposed pseudo Algorithm

When we are searching for people by hand and if we try to find con-
crete person we also use multiple queries with some refinements. Refine-
ments are based on Named Entities or Compound Key Words. When we are
searching for a doctor we also include words like surgery, M.D. or nurse. By
query refinement we get more deeper to the specific area of interests of the
concrete person.

4.3 Information resources

When we are searching for people we usually and mainly use search en-
gines for searching. As we mentioned before, not the whole content of the
Internet is indexed. There are some pages or whole servers such as business
registers, job portals or other useful sites which are not indexed. Especially
business registers are for us a rich source of information. Now we will make
short review of useful information resources for this problem. We will pri-
marily focus on the resources in the Czech and Slovak republic. Though
similar pages can be found also in other countries.

4.3.1 Information about companies and business persons

This is the best source of contact information. We can find person’s personal
details there as well as other companies which this person owns or is a co-
owner of. It is also possible to search for people whom the person may
know in case they are co-founders of the company.

ARES

ARES Business register (in Czech Republic)

o “Access to Registers of Economic Subjects / Entities is an information sys-
tem allowing a retrieval of information on economic entities registered in the
Czech Republic. This system intermediates a display of data from particu-
lar registers of the state administration (called source registers) in which the
data concerned is kept.” [24]
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Algorithm 1 Pseudo code of searching by hand

Require: List P of possible business partners.
List PI of already identified persons.

1: for all person in P do

2:  Search person in Business register
3:  Search person in Social Networks, Companies & Job Portals, Other
4:  Search person among friends of personX where X is in PI or P
5:  SearchOnWeb(person)
6:  Try to cluster found contact information and persons
7. if Many found documents contain the same word possibly character-
izing the same person then
8: Try to find another information or a different person by excluding
word from query ¢
9: SearchOnWeb(person)
10:  end if
11:  if Documents contain word of type CKW then
12: Use this word with next query ¢ //CKW represents company, areas of activity...
13: SearchOnWeb(person)
14:  endif
15: end for

16: return List PI of clusters each referring to particular person. There the
items in each cluster are ordered by relevance.

10:

function SearchOnWeb(Query q){

Search for documents in search engines

exclude document when
Does not contain searched name
Searched name is split and includes words that are not names

//search: John Smith found: John XY .. YZ Smith

Searched title is not before or after name

exclude end

Extract main context of document

Extract contact information

Extract useful links and download them
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o We can search for Economics subjects (persons) there and it will re-
turns us XML document with found results about person.

. Address of the service: http:/ /wwwinfo.mfcr.cz/ares/.

Friend Of A Friend — foaf.sk

o Project foaf.sk uses information from Companies Register of SRB Tax
Bureau of SR!, Social Insurence Institution and other databases. By graph
algorithms they look for companies and persons and show deeper
connections between them in Slovak Republic.

o We can easily explore who is co-owner of the company. It is easy to
explore close persons of searched persons.

e  Address of the service: http:/ /www.foaf.sk

4.3.2 Information about staffing of companies

These pages write articles about moving people between companies. Which
person goes to which position in another company. This can be useful when
we are searching for managers.

o CIO BusinessWorld
http:/ /businessworld.cz/aktuality-a-zajimavosti/personalni-udalosti

. ITBIZ.cz — articles about who moved where between companies
http:/ /www.itbiz.cz/lide-ve-firmach-kveten-tri

4.3.3 Job portals

On these portals we can find the connection between names and companies.
When companies publish ads they leave also the names of managers and
some contact information about them on the portals. Here is a short review
of job portals in the Czech Republic.

. jobdnes.cz, jobs.cz, sprace.cz, monster.cz, profesia.cz, spravnykrok.cz,
prace.cz, abcprace.cz

1. Slovak Republic
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4.3.4 Social networks

Nowadays social networks are the richest sources of information. People
are sharing and putting there almost everything. But these information are
not usually publicly available.

Facebook

° Very good source of information, but protected by user settings

. Pages are generated by JavaScript, we need run JavaScript on page
code at first to get information

o Friends of searched person are very important — their friends could
be also on the list of searched persons. By this we can better identify
the person for whom we are searching for.

° URL: facebook.com

LinkedIn
o Portal oriented on job opportunities

° User profiles are oriented on Curriculum Vitae

Other social networks

ResearchGate , SciSpace, ScienceStage, Epernicus

4.3.5 Other sources
Web pages of companies and personal pages

Nowadays most of the companies have their own web page as a form of
a presentation or also used for selling their goods. Individuals want to
present their work or themselves as well so they make their own pages
with contact information.
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Chapter 5

Web documents pre-processing

“I tried a dozen different modifications that were rejected.
But they all served as a path to the final design.”

— Mikhail Kalashnikov

Pre-processing plays an important role in the field of machine learning.
Data usually contains a lot of noise, misleading, missing values or it is just
not suitable for algorithms. This noisy data leads to more difficult training
phase or the data makes the training phase impossible to happen. There is
also another advantage of transformation or pre-processing of the data. It
lets us look on data in a different way. We can see some other relationships
in data and we can try to use other methods of machine learning. There is
a close connection between pre-processing and visual analysis, the use of
which can be very helpful [17]. We can imagine the connections between
different variables and their values better.

There are two types of pre-processing:

o Supervised Learn data are already known.We can make transforma-
tions and analyse data better before applying machine learning or
data mining algorithms. For example patient data about cancer or
classifying newspaper articles by their topic. We can also use the vi-
sual analysis to understand problem better.

o Unsupervised We collect data directly before pre-processing from the
stream or another source. We apply only general pre-processing meth-
ods suitable for specific type of data. For example the analysis of a
direct audio call.

There is a lot of possibilities how to create the document. When we
download documents from the Internet, we have to take into account most
of the possibilities. At least the most used.
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5.1 Encoding

Documents are stored in different encoding depends on the characters used
and the user’s possibilities. The most common encodings are listed in Ta-
ble When we want to process documents with different encodings, it
is better to unify encoding of all downloaded documents. When we con-
vert documents to common format, we can process them more easily. As
we know, encoding carries different characters so we have to convert docu-
ments to encoding which will cover used characters. UTF-8 is one of encod-
ing which can wrap all characters of Unicode standard [37], so it is sufficient
for all characters, symbols and scripts of major languages of the world [36]].

5.2 Format of documents

There is a huge variety of documents on the Internet. People create doc-
uments in various programs and share them in different formats. Luckily,
there are some documents more widespread than others. The most com-
mon formats in which people usually publish text are indexed by Google.
The list of these files is in Table |A} For our task are first six types the most
important: Web Pages, PS/PDF documents, MS office documents, Open/Libre of-
fice documents, RTF documents and Flash animation. These types may contain
important information about the person we search for.

Web pages

The main portion of information on the Internet is contained in the HTML
pages. Extraction of the text from this format is quite simple when pages are
valid. It is enough to remove HTML tags from the document. When pages
are not valid and contain errors we should validate them, because HTML
parsers can display an error. Good valid code maker is HtmICleaner [38]
written in Java. It reorders elements of the web page and returns valid XML
code. The usage is quite simple, but when we run it on large HTML page
(hundreds of kilobytes) it may require more memory.

Some web pages uses JavaScript to display the content. When we down-
load simple HTML code, some information can be missing. Before text ex-
traction we should run JavaScript on the page. Modified page should be
made valid and then the text content can be extracted. To run JavaScript on
the page we can use HtmlUnit library [12]. HtmlIUnit is a Java web browser
without GUI. It downloads the page and runs initial JavaScript.
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Table 5.1: Apache POI [18] format support
Program Extensions
Microsoft Office Excel * xls, *.xlIsx (97-2007, Word 6, Word 95)
Microsoft Office Outlook *.msg
Microsoft Office PowerPoint | *.ppt, *.pptx (97-2007)
Microsoft Office Publisher *.pub

Microsoft Office Visio *vsd
Microsoft Office Word *.doc, *.docx (97-2007)
PS/PDF documents

PostScript or Portable Document Format are becoming more spread and peo-
ple use them as suitable exchange format. It is because of their platform
and their printer independence. Unfortunately this format does not contain
pure text and we have to extract it. The extraction process may not be abso-
lute especially when the document contains special characters or diacritic.
As a good extraction library we can use Apache PDFBox [9]. Library can
handle also special and diacritic characters. Although this library can ex-
tract text from the PDF, there are also documents made by scanning. These
documents contain text, but the text is a part of the image. In this case we
have to use some Optical character recognition (OCR) software to extract text
from such document.

Microsoft Office documents

Microsoft Office is the most used software for creating office documents,
spreadsheets, presentations and other documents. People also publish and
exchange information created by this suite. Because of Microsoft Office us-
ing their own proprietary format we need a tool to extract the text from
documents.

Apache POI [18] is a library which is able to extract text from the file
types listed in Table The usage of this library is quite simple. It is also
able to extract embedded objects. That means if there is a spreadsheet inside
of PowerPoint presentation as embedded object, it is able to extract text from
this object too.
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Open (Libre) Office documents

Open Office is another suite for creating office documents. Unlike Microsoft
Office it uses OpenDocument (ISO/IEC 26300:2006) standard [8] for storing
file content[26]]. This standard is based on XML so extraction of the text from
the document is quite easy and does not require special libraries. We need
to unzip the file and open content . xm1 file. Then we just need extract the
textual content of XML file.

RTF documents

Rich Text Format was introduced by Microsoft company in the latest version
1.9.1 [23] as inter-platform exchange format. Default charset was ASCII but
from Word97 it supports Unicode too [6]. Because RTF can internally contain
only 8-bit values, it uses control words to encode 16—bi1ﬂ Unicode characters
[6] therefore we have to convert them.

Flash animation

Some companies do not use simple HTML page as their web presentation.
They want special effects and design to be more compelling. Therefore they
choose flash technology as their presentation. The main disadvantage from
the point of view of text extraction is that it is a program and we cannot
simply get its content. We need flash decompiler which is able to extract this
textual content. Swfmill [35] is a flash compiler and decompiler which is able
to convert SWF files to XML and vice versa [35]. When we have XML file
we can easily extract textual content. It is stored in attribute initialText
of DefineEditText tag.

5.3 Diacritics

In most of the languages it is common to put some special accent for letters
in the word. Diacritics is mainly used to change the sound value of the let-
ter to know how to pronounce the word. In these languages it is better to
have a text with diacritic marks, because when we remove diacritics some
words can be merged into one word. Unfortunately, some web pages like
blogs or social networks contain text without diacritics. In that case, it is
better to put diacritic back or when it is not possible, remove diacritic from

1. RTF 1.9.1 specify only 16-bit Unicode encoding. But only Unicode in version 1.0 (year
1991-1995) was 16-bit. Unicode 2.0 standard encodes characters in a 21-bit code space. [37]
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both documents to be able to compare them. In our case when we are inter-
ested mainly in the Slovak or Czech language there exist tools for adding
diacritics into texts.

The Czech language has the program called CZACCENT [22]. The pro-
gram was developed at Masayrk University in Brno by Pavel Rychly and it
is able to restore diacritic in 95,65% cases. As for the Slovak language there
is one program diacriticconverter developed by Matej Sabo from the Slovak
University of Technology in Bratislava [31]. The accuracy of this program is
83,54% for general text including names, surnames, geographic objects and
so on. Success of the program without these words is more satisfactory and
it is around 97,51% [31]].

In case when we need to compare some Named Entities, it is better to
remove diacritic. It is less common that Named Entities after removing dia-
critic signs are merged into one word and we have a better chance to match
them. The list of supported diacritics symbols and letters which can be re-
moved is showed in Table |Al The list is not complete, because Java cannot
handle some diacritic signs and splits them as two different characters.

5.4 Stop List

When we analyse textual documents they might contain also words that are
not significant for the analysis. The words occur in the text but do not have
any predictive value from the point of view of the problem. In this case it is
better to identify and remove these words before analysing the text. The list
of these words is strongly dependent on the problem and also on the data
set we have. If the words are not removed the algorithm might be confused
by them and does not provide satisfactory results.

5.5 Bag of words

Because most of the algorithms are not able to work with text, we have to
convert it into some other form. The technique of conversion of the string
to the list of words is called as Bag of words. We split text by some rules (by
words) and then we can apply other techniques of pre-processing to make
data processable.
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5.6 Stemming

Words in a text occur in various forms. We can find words in plural, past
tense and other forms. The technique used to find the base — the stem of the
word is called Stemming. It helps us unify words with the same meaning
but different spelling. Another similar technique used to unify also different
verb inflections or noun declensions is called Lemmatization. It helps us to
group together even more words and analyse them as a single item.
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Chapter 6

Classification

“The classification of facts, the recognition of their sequence

and relative significance is the function of science,

and the habit of forming a judgement upon these facts unbiased by personal feeling
is characteristic of what may be termed the scientific frame of mind.”

— Karl Pearson [27]

When we try to find business partners there are various ways how to
handle the problem. Because the problem is similar to Web Person Search,
the first option of how to solve the issue is to cluster downloaded pages by
persons. By clustering we put all the documents belonging to real persons
to one cluster. However, is it really necessary to find all persons with given
name? The above mentioned approach is good when we search for people
with the same name and we do not care about the person’s field of interests.

When we search for business partners we look for people working in
the similar area of work. This observation can be helpful for initial filtering
of documents because a lot of namesaked| do not work in the same area as
the one where the searched person works. Therefore at the beginning we
can filter documents by the area of interest. It may happen we also filter
out some of documents with the person we are looking for. This is not a big
problem, because when we want to find documents about a specific person
we do not find them by first query and we have to use multiple queries. For
example, when we search for people by hand, we also exclude or add some
words as query refinement.

6.1 Collection of data

As the first step in gathering data we had to find influential computer sci-
entist on the Internet as well as the pages where the name of the data occurs

1. A person having the same name as another [7].

30



6. CLASSIFICATION

or where the data is referred to. We used the data from the page of Czech
Society for a System Integratiorﬂ This site contains the list of the companief]
focused on information technologies. We went through the whole list and
we checked every site whether there is a list of employees available. We
gathered all employees working on a higher position in the company but
only in the case they are computer scientist. The list of gathered people is
available in the Attachment Out of this list we picked mostly gradu-
ated people but also persons without college education. These selected peo-
ple are shown in Table 6.1} For all the people we gathered publicly available
documents from the web.

’ Company \ Person’s name ‘
2N Telekomunikace a. s. | Oldfich Stejskal
ABRA Software, a. s. David RoZek, Ing. Martin Bok,

Ing. Martin Jirmann, Ing. Petr Ne-
jedlik, Ing. Petr Vacek

AG COM, a.s. Ing. Viktor Hordk, Mgr. Milan
Janda
EG - Expert, s. 1. 0. Ing. Hana Stikovd, Ing. Josef

Chrastek, Ing. Petr Paska, Ing. Petr
ényta, Ing. Stanislav Koukol,
Ing. Stanislav Kufik, Mgr. Lidmila

Vranova
IPEX a. s. Ing. Pavel Pisték, Ing. Petr Chrunak
Kapsch, s. 1. o. Ing. Karel Feix, Ing. Zbynék Jufena

Table 6.1: List of searched people

Gathering data

For given list of selected people we search for information on the web by
two major search engines — Google and Bing. Yahoo! and Bing return simi-

2. CSSI (Ceska spoletnost pro systémovou Integraci) is a non-profit organization for ex-
changing information and views in the area of intormation systems, Information and com-
munication technologies. Associate users and suppliers of services and products of infor-
mation and communication technologies. URL of the page: http://www.cssi.cz/
cssi/|[5]

3. Directory of members is available at http://www.cssi.cz/cssi/
adresar—clenu
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lar results, the only difference between them is in sponsored links, so we
can omit Yahoo! search enginqﬂ We used publicly available API of search
engines to collect data. For each person we downloaded the top 50 results
of each search engine. Sometimes search engines returned us equal links so
we joined them and downloaded only one document.

Documents preprocessing

The variety of formats on the Internet is huge. When we download a doc-
ument from Internet, we have to identify the format of the document. The
format is identified by mime-type returned from the server. For textual doc-
uments it is also important to know encoding. Documents are published
in different encodings and it is better to convert them to common one. We
used UTF-8 as encoding for all documents because it covers most of the
languages and scripts there are. From non-textual documents like PDF/PS
documents, Microsoft Office documents, Open/Libre Office documents, RTF docu-
ments or Flash we extracted text by tools discussed in the Chapter[5.2}

When we extracted the text we also applied other filters on textual doc-
uments. Because a lot of documents were web pages, we converted HTML
entitiesﬂ for their representing signs and removed HTML tagﬁ We con-
verted also all characters to lower case. Moreover, special characters in the
textsuchas [/, +: () ...—@# [1{}\"+*'";%.!]?2<>® donothave sig-
nificant impact on this type of classification task so we removed them as
well.

When search engine returns us results it usually does not care about
the language of the documents. Especially when we search for a person’s
name, the namesake might live also somewhere else in the world, so the
language of the document might be different as well. However, if we want
to find common features of a group of people, we cannot do it with doc-
uments written in a different language. We identified the language of all
documents with the language-detection tool and for classification we selected
only documents written in the Czech language.

4. Yahoo! has paid usage of their API

5. Reserved characters in HTML document are replaced with character entities, for exam-
ple: less sign < can be represented as &lt; or &#60 therefore we converted it to <. [40]

6. From web pages were removed HTML tags but we preserved attribute values. For ex-
ample the tag <img src="img.png" title="Title of the image." > was con-
verted to the text “img.png Title of the image.”
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Removing stop words

Since in the text there might also occur words which do not help us to dis-
tinguish between classes, we can remove them as well. The following types
of words were removed from documents used for classification :

° Education titles (ing, mgr, paeddr, drsc, dis)

e  Names of companies where searched persons worked (2n, telekomu-
nikace, abra, ag, eg, ipex, kapsch)

° Surnames of searched persons (feix, stejskal, roZek, bok, nejedlik, vacek,
hordk, janda, paska, stikovd, christek, kutik, koukol, Snyta, vrdnovd, chruridk,
pisteék, jutena, jirmann)

° Other person’s surnames occurred often in data (blaZek, cech, cermik,
cerny, dolezal, dvotidkovd, fiala, hynek, jelinek, krejci, kucerovd, moravec,
miiller, musil, navrdtil, némcovd, novikovd, novotnd, pokornij, rené, pospisil,
prochdzkovd, riZicka, sedlicek, Simek, svobodovd, vanék, veseliy)

vvvvv

° List of birth named’]

Such modified data were used for classification — as a first step classifi-
cation by hand and after that we learned classifier to distinguish between
these classes. This set of documents used for classification we shall call the
main learning set.

6.2 Classification of pages

Our first task before learning classifier was to create learning set. We down-
loaded and preprocessed documents about influential computer scientist
from the Internet. Although not all the downloaded documents were ex-
actly about person we were searching for. We had to sort the documents and
divide them into categories. We decided to divide them to the four follow-
ing categories: MANAGER, INFORMATICS, OTHER and INFO_MANAGER.

7. List contained 4890 names and it is available at: http://krestni--jmena.
cz/seznam/?perpage=2500&orderby=name&filts=0&filtc=0&filta=
O&fullt
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6. CLASSIFICATION

INFO_MANAGER This group contains documents about the people we
were searching for. These are the people working in the field of in-
formatics providing that they work in higher position in the com-
pany. Also when the namesakes were computer scientist and they
have higher position in the company they were included too.

INFORMATICS Is a group of documents talking about informatics. When
the person mentioned in the document worked in the field of infor-
matics we put such document to this group. It was not necessary for
the person to work in higher job position. This group does not con-
tain people working in the field of informatics in higher position as
managers Oor company owners.

MANAGER In this group there are presented documents about managers.
The document does not need to deal with a manager working in the
field of informatics, nor is it acceptable. So this group contains docu-
ments about managers from all other areas of work.

OTHER This is the largest group of classified documents. There are all the
documents which do not belong to any of the previously mentioned
categories.

In spite of the fact that we are searching for influential computer sci-
entist only, we divide the documents into four classes, even though it was
not necessary. The reason is to perform also other kind of tests. We wonder
whether it is possible to classify documents in other ways.

6.3 Training classifier

For the training of classifiers we used the main learning set as we described
above. The final distribution of particular classes is shown in Figure[6.1 The
real distribution of these classes over the web is not known yet, since there
was no work posted about similar topic nor any research about the distribu-
tion of these classes was made. As we can observe there is a huge number
of documents in the category OTHER. The baseline for the main learning
set is around 86%. Seeing that baseline is relatively high we performed two
different types of tests. The first one was when we just split the main learn-
ing set into two sets: training set and test set. The split was in 80:20 ratio:
80% of learning set and 20% of test set. In the second case the main learning
set was split in the same way. The difference was we decreased the base-
line of the training set to 60% by random removing examples of the class
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Figure 6.1: Distribution of particular classes

OTHER. However, just simple removing some examples from the OTHER
class can lead to untrustworthy results. Therefore we ran classification with
more learning sets. The baseline was decreased only for the training set.
The test set stayed untouched with the original distribution of classes. The
same applies for splitting the main learning set with 80:20 ratio. Therefore
we performed more tests in both cases.
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Chapter 7

Results

“Everyone ought to bear patiently the results of his own conduct.”

— William Shakespeare

As we mentioned in the previous chapter, we performed more tests with
more approaches applied. We executed each test with 56 different data sets
derived from the main data set. To estimate how accurate the model is we
used the test set with 20% of examples. Since it is important for this task not
to exclude retrieved documents out of INFO_MANAGER class when they
belong there. We used recall as a constitutive statistic. Especially the recall
of the class INFO_MANAGER. The tables in this chapter contain only recall
values and other statistics computed from the recall value. Algorithms in
the tables are sorted by INFO_MANAGER recall as well. Other statistics like
accuracy and precision are available in the attachment tables.

7.1 INFO_MANAGER classification

Our main aim was the classification of documents belonging to the group
INFO_MANAGER in comparison to all other classes. The documents from
the class INFO_MANAGER were used as positive examples in the learning
set. On the other hand, the set of negative examples were the combina-
tion of the classes INFORMATICS, INFO_MANAGER and OTHER. As we
mentioned above, we performed two kinds of tests. In both cases we split
the main learning set with 80:20 ratio. The first kind of tests was performed
with unmodified training set with original number of train examples of
both classes. In the following text we will label it full training set. In the
second case we removed train examples of OTHER class from the learning
set to decrease too high baseline. This training set will be referred in the
further text as modified training set. The test set stayed untouched in both
cases with preserved distribution of classes.
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Full training set

Among 25 tested classifiers the best results in the mean were achieved by
SGO and SMOH classifiers as we can see in the result Table Simi-
larly the value of the recall for the INFO_MANAGER class was the highest
achieved by these two algorithms. Despite of the fact that these two algo-
rithms had the same result in the mean, SMO had slightly better result for
the dispersion of INFO_MANAGER class. As the best tree-based algorithm
was J48 and results are comparable with the first two algorithms. Apart
from that, from the results we can see that tree (wave underline) and func-
tion (line underline) -based algorithms distinguish data better than other
types of algorithms do.

Recall IM Recall

Algorithm | Mean o Min Max | Mean o Min Max
1. SMO 098 001 095 099 | 071 015 0.25 1
2. SGD 098 0.01 096 1 071 017 025 1
3. J48 096 001 093 099 | 069 0.18 0.25 1
4. JRip 096 0.02 0091 1 0.67 019 0.13 1
5. Random 096 001 093 0.99 | 067 017 0.25 1

Tree
6. Logistic 097 001 094 099 | 067 0.16 0.38 1
7. MultiClass | 097 001 094 099 | 067 0.16 0.38 1

Classifier

Table 7.1: Manager working in the field of informatics; original baseline

Modified training set

When we sort the results by INFO_MANAGER recall for the modified set
we get order of algorithms like in Table In the first three places there
are algorithms which achieved the best results also for the full training set.
When we compare recall for the class INFO_LMANAGER with previous re-
sults, we can see it is unexpectedly higher. In spite of the fact most of the
algorithms in the weighted recall did not reach the baselineﬂ the classifica-

1. Stochastic gradient descent is an optimization method for reducing an objective function
written as a sum of differentiable functions.

2. Sequential Minimal Optimization. Platt’s implementation of Support Vector Machine

3. All results are available in the attachment Table

4. Full results are available in the attachment Table

5. Baseline for the test set was 94
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tion of documents belonging to the INFO_MANAGER class was better. Also
dispersion of the INFO_MANAGER recall was slightly lower in comparison
to previous results but higher for weighted recall. Likewise in the previous
examples types of algorithm for this task are from the function, tree -based
algorithms but also two meta classifiers.

Recall IM Recall

Algorithm | Mean o Min Max | Mean o Min Max
1. SGD 095 002 089 099 | 083 014 05 1
2. J48 087 005 074 095 | 083 0.13 0.38 1
3. JRip 0.87 008 056 097 | 083 0.16 0.38 1
4, MultiClass| 09 0.05 075 098 | 081 0.15 05 1

Classifier
5. Logistic 09 005 075 098 | 081 015 05 1
6. Simple 092 0.03 0.85 0.98 08 017 0.38 1
7. Filtered 0.88 0.05 075 0.95 0.8 014 0.38 1

Classifier

Table 7.2: Manager working in the field of informatics; decreased baseline
to 60

Conclusion

We found out that decreasing of the baseline for the training set has an im-
pact on the result of classification of documents to the INFO_MANAGER
class. Algorithms are able to cover this class better when INFO_MANAGER
documents are not lost between OTHER documents. This is important find-
ing because we are mainly interested in pre-filtering retrieved documents
from the Internet. We want to select only documents which belong to the
INFO_MANAGER class. We do not need to detect whether the document
belongs to OTHER class or not.

7.2 Two Stage Classification

We usually learn classifier on one learning set with positive and negative
examples in one round. If we look at the class INFO_.MANAGER from a
different point of view we can see it as two kinds of documents: INFOR-
MATICS and MANAGERS. The important question is whether it is possible
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7. RESULTS

to learn two classifiers and test them in two stages. To prove this theory we
used all four classes from the main learning set and created two training sets
and one test set.

The first training set contained as positive examples documents from the
class INFORMATICS and as negative examples documents from the class
OTHER.

The second training set was composed of documents of MANAGER class.
Randomly picked documents from the class OTHER were also used as neg-
ative examples.

Test set Finally, test set was created from the set of documents we are in-
terested in: INFO_MANAGER. They were used as positive examples while
negative examples were random documents of the class OTHER.

Training phase

During the training phase we learned two classifiers: one for the recognition
of documents of the class INFORMATICS and the other one for MANAGER.
Trained classifiers were connected in a row. We submitted a test document
for the first classifier. The trained classifier then determined whether the
document belongs to its class or not. When it does not recognized docu-
ment, we considered the document to belong to the class OTHER. In the
case the second classifier did not recognize the document, we considered
the document to belong to the class OTHER. When no classifier recognized
the document as the one of the class OTHER, we considered the document
to belong to the class INFO_MANAGER, since it belonged to both of the
classes INFORMATICS and MANAGER at the same time. The schema of
the evaluation phase is shown at Figure 7.1, Again we created two different
training sets. The first one was unmodified with preserved distribution of
the classes. The second training set was modified and random documents
of the OTHER class were removed to decrease baseline to 60. The train-
ing set stayed untouched again with preserved distribution of classes. The
baseline of the test set was 84 in this case.

Informatics-Manager

In this two stage classification process the documents were classified for IN-
FORMATICS class at first. In the case they belong to this group they were
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Classifier 1 —_OTHER
N\
\.
INFORMATICS (MAMNAGER)
Classifier2 |
OTHER
MAMAGER (IMFORMATICS)

INFO_MAMNAGER

Figure 7.1: Evaluation phase for two stage classification

classified by the second classifier whether the documents belong to MAN-
AGER class. Even the training set was different not only in the way of ex-
amples but also the results of classification were good.

Full training set

As we can see in Tablethe classification of new examples of the INFO_MANAGER
class when we trained two different classifiers on INFORMATICS and MAN-
AGER class are good. They are comparable and in some aspects they over-

Recall IM Recall
Algorithm | Mean o Min Max | Mean o Min Max
1. NaiveBayes 083 002 079 087 | 075 0.01 072 075

2. SMO 095 001 093 097 | 073 0.03 067 083
3. Simple 093 002 089 09 | 071 008 05 0383
Logistic

4. LogitBoost | 093 0.02 087 095 | 069 007 047 081
5. MultiClass | 093 0.02 087 096 | 068 012 033 0.83

Classifier

6. AdaBoost 092 002 087 095 | 065 0.08 031 0.75
M1

7. PART 09 0.02 08 094 | 064 011 039 0.83

Table 7.3: Two stage clustering — Informatics-Manager; Original baseline

6. Full results are available in the attachment Table
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reach the original classification of INFO_MANAGER and OTHER classes. The
best result in original classification had weighted recall 0.98 and recall for the
class INFO_MANAGER was 0.71 by SMO classifier. These results are not
good only for the recall but also the dispersion of INFO_MANAGER recall
is significantly lower as in the original classification when it was 0.17. It is also
worth to mention that the baseline in the original classification was around
95 and in this case it was around 86.

Modified training set

When we modified the training set and left the baseline on the value 60 for
both classifiers the results became even better likewise it was in the original
classification. As we can see in TableSMO had again the best results with
the highest INFO_MANAGER recall as well as the weighted recall. When we
compare these results with original classification the best algorithm (SGD)
had weighted recall 0.95 with dispersion 0.02 and INFO_.MANAGER recall
0.83 with dispersion 0.14 we can see that these results are quite similar.

Recall IM Recall
Algorithm | Mean o Min Max | Mean o Min Max
1. SMO 092 002 086 095 | 082 003 075 0.86
2. SimpleLo- | 088 003 076 093 | 08 006 058 0.92
gistic
3. J48 082 004 073 088 | 078 01 042 094
4. Logistic 089 004 08 09| 077 0.09 053 0.89
5. MultiClass | 09 002 08 09 | 077 01 044 0.86
Classifier
6. LogitBoost | 0.85 0.03 077 09 | 076 009 05 0.89
7. Classifica- | 0.82 0.04 075 091 | 076 0.09 056 092
tion  Via
Regression

Table 7.4: Two stage clustering — Informatics-Manager; decreased baseline
to 60

Manager-Informatics

For this kind of classification the document was at first classified whether
it belongs to MANAGER class and consequently we decided whether the

7. Full results are available in the attachment Table
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document also belongs to the INFORMATICS class.

Full training set

The results for unmodified training set are available in Table [7.5| The first
algorithm in the table overreached the results of Informatics-Manager clas-
sification in both weighted recall and INFO_MANAGER recall. Other algo-
rithms had surprisingly low INFO_MANAGER recall even the same test set
in one round of testing was used for all algorithms. Weighted recall was in
average 0.86 over all algorithms.

Recall IM Recall
Algorithm | Mean o Min Max | Mean o Min Max
1. NaiveBayes 093 002 088 097 | 0.84 0.06 0.69 091
2. J48 085 003 077 092 | 045 016 014 0.86
3. JRip 084 004 076 093 | 04 018 006 0.72
4. Random 083 003 075 093 | 038 015 014 0.72
Tree
5. Simple 0.88 002 081 091 | 038 0.14 0.17 0.69
Logistic
6. PART 084 003 078 092 | 038 014 0.14 0.69
7. LogitBoost | 0.85 0.02 08 09 | 034 013 0.14 0.67

Table 7.5: Two stage clustering — Manager-Informatics; Original baseline

Modified training set

The modified training set again finished with better results as the one with
unmodified training set. The results are available in Table But simi-
larly the recall of INFO_MANAGER class decrease relatively fast. The best
algorithm was again Naive Bayes as in the previous case.

Conclusion

Seeing the results of this two stage classification we can proclaim that this
method is competitive to the original classification when we classified only
on classes INFO_MANAGER and OTHER. When we trained classifier on

8. Full results are available in the attachment Table|A.10,
9. Full results are available in the attachment Table[A.11

42



7. RESULTS

Recall IM Recall
Algorithm | Mean o Min Max | Mean o Min Max

1. NaiveBayes | 0.85 0.06 0.71 0.93 09 006 071 097

2. Logistic 087 004 075 093 0.81 0.2 031 1
3. MultiClass 0.86 005 0.75 095 0.78 0.19 0.28 1
Classifier

4. Classifica- 074 007 05 084 0.65 016 028 097
tion Via

Regression
5. SMO 087 003 078 094 | 065 0.16 036 0.89
6. Simple Lo-| 08 004 07 087 | 06 014 028 0.83
gistic
7. ]48 074 006 058 088 | 06 014 022 086

Table 7.6: Two stage clustering — Manager-Informatics; Baseline decreased
to 60

the INFORMATICS and MANAGER classes, they were able to decide to-
gether, with relatively high recall, whether the document belongs to the
class INFO_LMANAGER with relatively high recall. The best algorithm for
this task was SMO classifier. Following the results it is better to classify
document whether it belongs to INFORMATICS class and then whether it
belongs to MANAGER class.

7.3 Cost-Matrix

In the classification task we have to classify examples to one or more of
the predefined categories. During the classification, most of algorithms con-
sider all groups to have the same weight. However, the classification groups
might not be equal and we might even reach better results by changing their
weight. What will happen if we change the weight of INFO_MANAGER or
OTHER class?

To search for a cost-matrix and to find good values for classes is not an
easy task. There is no standard procedure of how to find the values. The
cost-matrix is a square matrix where the size is equal to the number of the
classes with zeroes at the diagonal. We are searching for all other values of
classes. The values of the matrix are real numbers from the interval < 0,1 >.
The value 0 represents minimal impact of the group and the value 1 repre-
sents its maximal impact.
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The range of values in the interval is infinite so we were searching only
for a few numbers of interval with uniform distribution. We used num-
bers from 0.1 to 1 (both of them included) with a step 0.1 for each class. In
the weka environment there is a classification algorithm CostSensitiveClassi-
fier which for a given classification algorithm uses also cost-matrix and its
weights during the classification.

Because the calculation of cost-matrix is computationally-intensive prob-
lem we did not count it for all algorithms again. We selected only the best
algorithms and we computed cost-matrix for them. SMO, RandomForest and
NaiveBayes did not have any valuable result therefore we present results
only for 48, JRip and SGD. For all the following figures we can apply the
rule: more red colour means better result of classification and more yellow
(or white) colour means worse result.

Full training set

In Figure [7.2) we can see the results of INFO_MANAGER recall cost-matrix
values. The red colour is slightly shifted for the class OTHER to number 1
and for INFO_MANAGER class to lower value for all three algorithms. It
means that classification algorithm tends to classify more documents of the
OTHER class as if they belong to INFO_.MANAGER class. It can be caused
also by big group of OTHER documents. On the other hand, when we
look at the visualization of cost-matrix values for weighted recall in Fig-
ure |7.3|it looks differently. For SGD algorithm there is not such a big dif-
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Figure 7.2: Visual analysis of cost-matrix results of IM recall for unmodified
training set
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ference, but two tree algorithms have more balanced ratio of OTHER and
INFO_MANAGER weight values. When we look at the values of classifica-
tion, not only in the graph, we can see also some improvement. SGO al-
gorithm has only slight improvement unlike the one of INFO_MANAGER
recall for tree based algorithms. The results of J48 classification are better
by 7% and JRip has improved by 11%.

Other — Other — Other —

=
o
o |
=
2
=
b3
@
m
a
1

2|
|
of
=
=
z|
2
®
m
o
1

“— HIOVYNVIN OdNI

010.20304050.60.703091.0 0.10.20.304050.60.708091.0 0.10.20.30405060.703091.0

(a) J48 (b) JRip (c) SGD

Figure 7.3: Visual analysis of cost-matrix results of recall for unmodified
training set

Cost-Matrix Original
Recall | IM Recall H Recall ‘ IM Recall
SGD | 0.98 0.73 0.98 0.71
J48 | 0.97 0.76 0.96 0.69
JRip | 0.96 0.78 0.96 0.67

Table 7.7: Comparison of results of cost-matrix with original classification

Modified training set

The results of INFO_MANAGER recall cost-matrix values have similar dis-
tribution like for full training set. They are presented in Figure Even
though they are similar, they are slightly more balanced too. It is caused
by the smaller number of examples in the training set when algorithms
learned to better distinguish between these two classes. When we look at
weighted recall in Figure 7.5 we can see that algorithms had better results
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when the weight was set more for the class INFO_MANAGER. It is in the
contrast with previous Figure[7.4 when the best results were achieved when
OTHER class had more weight. When we compare the numbers, the best
result for the weighted recall was 0.53 but with the same weight of classes
INFO_MANAGER recall it was 0.99. This is an important investigation for
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Figure 7.4: Visual analysis of cost-matrix results of IM recall for modified
training set
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Figure 7.5: Visual analysis of cost-matrix results of recall for modified train-
ing set

debugging of filtering classifier. We mainly want so that no example of
INFO_MANAGER will be labelled as it belongs to OTHER class. Therefore
it is acceptable to let go also some documents belonging to OTHER class.
But we definitely have to find good ratio to make pre-filtering usable. As
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Cost-Matrix Original
Recall | IM Recall H Recall ‘ IM Recall ‘
SGD | 0.98 0.99 0.95 0.83
J48 | 0.94 0.83 0.87 0.83
JRip | 0.94 0.87 0.87 0.83

Table 7.8: Comparison of results of cost-matrix with original classification

we can see in Table[7.§there is also improvement found for setting weights
for classes. While in the previous case the SGD had only slight improve-
ment, in this case it is more significant. The best achieved result was 0.99 as
we mentioned. Also tree-based algorithms had quite better results.

Conclusion

Seeing the result, we can proclaim that setting the weight for particular
classes may improve (but also worsen) the results of algorithms. Some al-
gorithms are resistant to setting classes weights and they somehow know to
find the correct weight. Nevertheless, also in this case we can apply the rule
that decreasing the baseline of the training set leads to better classification
of unseen examples.
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Chapter 8

Conclusions

“I've always believed that if you put in the work, the results will come.”

— Michael Jordan

In this thesis we dealt with the problem of finding people on the Internet.
We made a survey of how to search for people through web search engines
and what pre-processing actions are essential. Therefore in this thesis we
primarily focused on the search of potential business partners and we also
discussed differences between WePS and other difficulties connected with
this problem. We proposed the algorithm of search by hand for business
partners which may serve us as the basis for the real application. It is im-
portant to search at right places and for this reason we made a survey of
suitable information resources.

In the practical part of this work we tried to learn classification algo-
rithms to distinguish between documents about managers working in the
tield of informatics and other documents. This classification might help to
improve the system of searching for business partners in the field of in-
formatics. It can be the first filter of retrieved documents from the Internet
since we receive a huge amount of irrelevant data.

We looked at the problem of filtering documents about managers work-
ing in the field of informatics (INFO_MANAGER class) in two different
ways. The first point of view was when we extracted these documents out
of all other and tried to learn classifier to distinguish them. The second
viewpoint was training classifiers on two different classes of documents:
INFORMATICS and MANAGERS. After that we tested these two classifiers
to recognize documents from INFO_MANAGER class.

Because of the initial unbalanced distribution of classes we decided to
execute two kinds of tests. The first was when we trained classifiers on the
original distribution of classes. The second one was when we decreased the
baseline of training set to 60%.
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The results we got were relatively surprising in a positive way. The re-
sults for the training set where the baseline was decreased showed us better
performance on unseen data. It means algorithms learned better to recog-
nize documents which we are interested in.

Two stage classification of documents also showed us good performance.
Even though we trained documents on different classes, they were able to
recognize INFO_LMANAGER class very well. It is matter of the fact that the
results of two stage classification and original classification are comparable.

The results of cost-matrix classification showed that we can improve
some algorithms by setting the weight for INFO_.MANAGER and OTHER
class. It is possible to control which class we prefer. We can also smooth too
high differences between the number of examples.

8.1 Possible improvements

The classification showed us that it is possible to use this method for pre-
tiltering documents. However, there are several improvements we can con-
sider.

For the two stage classification we can try to compare the result of the
classification with some value. For example when Naive Bayes returns us
probability that the document belongs to some class we can set the thresh-
old value when we accept this classification.

Another improvement may be to find the good baseline value for the
training set. We used 60% but this value might not be the best one and we
can reach better results by modifying this value.

8.2 Future work

Even though we provided the basic background of how to search for busi-
ness partners and the pre-filtering of received documents might be very
helpful too, there is still so much work to do in this area of informatics.

. Active learning one of the possible improvement is active learning
when downloaded documents are classified and if the classification is
wrong, the user corrects the results.

o Query refinement Similarly to human search for people, on the Inter-
net the algorithm is able to search as well. When somebody searches
on the Internet he or she uses more refinements of the query to re-
trieve more relevant documents.
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Named entities Extraction of named entities may help with classifi-
cation of documents and disambiguation of persons.

Main content extraction Extraction and analysis of the main content
of documents may improve classification. The noisy content of the
document might lead to bad performance of the algorithm.

Search on hidden resources Web search engines usually do not index
the whole content of the Internet. Some pages may contain important
information for person disambiguation.

Intelligent agent system System can by considered as an agent. At
the beginning there exists only one agent for every person. By using
the Internet resources and basic knowledge about a person, the agent
tries to find and identify himself.
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Appendix A

Attachments
Google Yahoo! Bing
getCacheUrl getClickUrl getCacheUrl
getContent getDate getDateTime
getTitle getDescription | getDeepLinks
getTitleNoFormatting | getDisplayUrl | getDescription
getUnescapedUrl getSize getDisplayUrl
getUrl getTitle getTitle
getVisibleUrl getUrl getUrl

Bold marked text is used for common API methods.

Table A.1: Overview of API methods for search engine services



A. ATTACHMENTS

Group \ Type
Web pages HTML (htm, .html, other file extensions)
Adobe Portable Document Format (.pdf)
PDE/PS documents Adobe PostScript (.ps) i
Microsoft Excel (.xIs, .xIsx)
MS Office Microsoft PowerPoint (.ppt, .pptx)
Microsoft Word (.doc, .docx)
OpenOffice presentation (.odp)
Open/Libre Office | OpenOffice spreadsheet (.ods)
OpenOffice text (.odt)
TeX/LaTeX (.tex)

Text documents

Text (.txt, .text, other file extensions)
Rich Text Format (.rtf, .wri)

Flash animation

Adobe Flash (.swf)

Source code files

Basic source code (.bas)

C/C++ source code (.c, .cc, .cpp, .cxX, .h, .hpp)
C# source code (.cs)

Java source code (.java)

Perl source code (.pl)

Python source code (.py)

XML documents

XML (.xml)

Google Earth (.kml, .kmz)

GPS eXchange Format (.gpx)

Wireless Markup Language (.wml, .wap)
Scalable Vector Graphics (.svg)

Other documents

Autodesk Design Web Format (.dwf)
Hancom Hanword (-hwp)

Table A.2: The most common file types indexed by Google[13]]
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66.7% UTE-8

18.0% ISO-8859-1
3.6% GB2312

3.4% Windows-1251
1.8% Windows-1252
1.8% Shift JIS

0.9% GBK

0.9% Windows-1256
0.6% ISO-8859-2
0.4% EUC-JP

0.4% ISO-8859-15
0.3% ISO-8859-9
0.3% Windows-1250
0.2% Windows-1254
0.2% Bigh

0.2% EUC-KR

0.1% Windows-874
0.1% US-ASCII
0.1% ISO-8859-7
0.1% TIS-620

0.1% Windows-1255

less than 0.1%

Windows-1253, KOI8-R, Windows-1257, UTE-16,
ISO-8859-5, KS C 5601, Windows-31], GB18030, ISO-
8859-6, 1SO-8859-8, 1SO-8859-4, KOI8-U, 1SO-2022-
JP, ISO-8859-16, 1SO-8859-3, 1SO-8859-13, Windows-
1258, ANSI_X3.110-1983, IBM850, 1SO-8859-10, ISO-
8859-11, Bigh HKSCS, Windows-949

Table A.3: Usage of encoding [30]
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Company \ Person name

2N Telekomunikace a. s. Oldfich Stejskal

ABRA Software, a. s. Ing. Martin Jirmann
David RoZek

Ing. Martin Bok

Ing. Petr Nejedlik

Ing. Petr Vacek

AG COM, a.s.

Inh. Viktor Hordk

Mgr. Milan Janda

Gabriel Koos

BERIT, a. s.

Jozef Klein

Martin Moravek

Michal Navratil

Tomas Osusky

David Stoppani

EG - Expert, s. 1. 0.

Ing. Paska Petr

Ing. Chréstek Josef

Ing. Kufik Stanislav

Ing. Koukol Stanislav

Ing. Stikovd Hana

Ing. Snyta Petr

Klenc¢ik Martin

Mgr. Vranové Lidmila

Kukla Miloslav

IPEX a. s.

Ing. Petr Chrundk

Ing. Pavel Pisték

ITeuro a. s.

Petr Bohac¢

Jaroslav Bartos

Kapsch, s. r. o.

Ing. Karel Feix

Ing. Zbynék Jufena

NESS Czech s. r. 0.

Milan Sames

Table A.4: The list of collected people
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Table A.5: The list of supported diacritic
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Appendix B

Content of the attached DVD

Folder:

database/ contains exported Postgres database with all classifica-
tions, preprocessed documents and other statistics used by program.

documents/ contains presentations made about this topic.

master-thesis/ contains the IXIEX source of this thesis including
the bibliography in bibtex file, all figures and necessary packages to
render the output.

Paris contains all sources in Java of the application which is able
to fetch and pre-process documents from the Internet. There are also
various sub-applications and scripts used for classification. (Do not
remove folder Temp, there are downloaded files and database refer-
ences to them!)

research/ contains documents with statistics and data used as for
writing this thesis as for the research in this area.

resources/ contains collections of various data used during the
phase of program development.

62



Bibliography

[1] Top 5 search engines from april 2011 to march 2012 | Stat-
Counter global stats. http://gs.statcounter.com/#search_
engine-ww-monthly-201104-201203-bar, April 2012.

[2] 123people.com. 123people.com | free people search, find the public
records of everyone. http://www.123people.com/, April 2012.

[3] Javier Artiles, Julio Gonzalo, and Satoshi Sekine. The semeval-2007
weps evaluation: Establishing a benchmark for the web people search
task. |http://nlp.uned.es/~javart/docs/weps2007-slides.pdf
http://acl.ldc.upenn.edu/W/W07/W07-2012.pdf, 2007.

[4] Pavel BARKHIN, Zoltan Istvan GYONGY], and Jan PEDERSEN. Link-
based spam detection. http://www.patentlens.net/patentlens/
patent/US_2006_0095416_Al1/en/), 05 2006.

[5] Ceska spole¢nost pro systémovou integraci. CSSI | Ceska spole¢nost
pro systémovou integraci. http://www.cssi.cz/cssi/, April 2012.

[6] Microsoft Corporation. Rich text format (RTF) spec-
ification version 1.9.1. http://www.microsoft.
com/downloads/info.aspx?na=41l&srcfamilyid=
dd422b8d-ff06-4207-b476-6b5396al8a2lbs&srcdisplaylang=
en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%
2f2%2f£%2f5%2£2f599e18-07ee-4ecb-ale’7-f4e6a9423592%
2fWord2007RTFSpec9.doc, March 2008.

[7] Dictionary.com. Namesake | define namesake at dictionary.com.
http://dictionary.reference.com/browse/namesake, May 2012

[8] International Organization for Standardization. ISO/IEC
26300:2006 - information technology - open document for-
mat for office applications (OpenDocument) v1.0. http:

//www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_
detail.htm?csnumber=43485, November 2006.

63


http://gs.statcounter.com/#search_engine-ww-monthly-201104-201203-bar
http://gs.statcounter.com/#search_engine-ww-monthly-201104-201203-bar
http://www.123people.com/
http://nlp.uned.es/~javart/docs/weps2007-slides.pdf
http://acl.ldc.upenn.edu/W/W07/W07-2012.pdf
http://www.patentlens.net/patentlens/patent/US_2006_0095416_A1/en/
http://www.patentlens.net/patentlens/patent/US_2006_0095416_A1/en/
http://www.cssi.cz/cssi/
http://www.microsoft.com/downloads/info.aspx?na=41&srcfamilyid=dd422b8d-ff06-4207-b476-6b5396a18a2b&srcdisplaylang=en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%2f2%2ff%2f5%2f2f599e18-07ee-4ec5-a1e7-f4e6a9423592%2fWord2007RTFSpec9.doc
http://www.microsoft.com/downloads/info.aspx?na=41&srcfamilyid=dd422b8d-ff06-4207-b476-6b5396a18a2b&srcdisplaylang=en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%2f2%2ff%2f5%2f2f599e18-07ee-4ec5-a1e7-f4e6a9423592%2fWord2007RTFSpec9.doc
http://www.microsoft.com/downloads/info.aspx?na=41&srcfamilyid=dd422b8d-ff06-4207-b476-6b5396a18a2b&srcdisplaylang=en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%2f2%2ff%2f5%2f2f599e18-07ee-4ec5-a1e7-f4e6a9423592%2fWord2007RTFSpec9.doc
http://www.microsoft.com/downloads/info.aspx?na=41&srcfamilyid=dd422b8d-ff06-4207-b476-6b5396a18a2b&srcdisplaylang=en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%2f2%2ff%2f5%2f2f599e18-07ee-4ec5-a1e7-f4e6a9423592%2fWord2007RTFSpec9.doc
http://www.microsoft.com/downloads/info.aspx?na=41&srcfamilyid=dd422b8d-ff06-4207-b476-6b5396a18a2b&srcdisplaylang=en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%2f2%2ff%2f5%2f2f599e18-07ee-4ec5-a1e7-f4e6a9423592%2fWord2007RTFSpec9.doc
http://www.microsoft.com/downloads/info.aspx?na=41&srcfamilyid=dd422b8d-ff06-4207-b476-6b5396a18a2b&srcdisplaylang=en&u=http%3a%2f%2fdownload.microsoft.com%2fdownload%2f2%2ff%2f5%2f2f599e18-07ee-4ec5-a1e7-f4e6a9423592%2fWord2007RTFSpec9.doc
http://dictionary.reference.com/browse/namesake
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=43485
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=43485
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=43485

B. CONTENT OF THE ATTACHED DVD

[9] The Apache Software Foundation. Apache PDFBox - apache PDFBox
-java PDF library. http://pdfbox.apache.org/, October 2011.

[10] Tom Habing. UIUC DLI glossary. http://dli.grainger.uiuc.edu/
glossary.htm, November 1998.

[11] Jiawei Han. Mining heterogeneous information networks by exploring
the power of links. Discovery Science, pages 13-30, 2009.

[12] Gargoyle Software Inc. Welcome to HtmlUnit. http://htmlunit.
sourceforge.net/, August 2011.

[13] Google Inc. What file types can google index? - webmaster
tools help. http://www.google.com/support/webmasters/bin/
answer.py?hl=en&answer=35287, November 2011.

[14] Intelius, Inc. People search & directory services powered by intelius.
http://www.intelius.com/search-faq.php, April 2012.

[15] iSearch. iSearch - social directory - frequently asked questions. http:
//www.isearch.com/faq.html, April 2012.

[16] Lili Jiang, Wei Shen, and Jianyong Wang. GRAPE: a system for disam-
biguating and tagging people names in web search. http://dl.acm.
org/citation.cfm?id=1772896, 2010

[17] Daniel A. Keim, Florian Mansmann, and Jim Thomas. Visual analytics:
how much visualization and how much analytics? http://doi.acm.
org/10.1145/1809400.1809403, May 2010.

[18] Yegor Kozlov, Marc Johnson, Glen Stampoultzis, Rainer Klute, Avik
Sengupta, Shawn Laubach, Danny Mui, Jason Height, Amol S Desh-
mukh, David Fisher, Josh Micich, Maxim Valyanskiy, Jon Svede, and
Sergey Vladimirov. Apache POI - the java API for microsoft docu-
ments. http://poi.apache.org/, August 2011.

[19] E. Lefever, T. Fayruzov, V. Hoste, and M. De Cock. Clustering web
people search results using fuzzy ants. http://www.sciencedirect.
com/science/article/pii/S$0020025510002215, 2010. Including
Special Section on Virtual Agent and Organization Modeling: Theory
and Applications.

[20] Bing Liu. Web data mining: exploring hyperlinks, contents, and usage
data. Springer, 2007.

64


http://pdfbox.apache.org/
http://dli.grainger.uiuc.edu/glossary.htm
http://dli.grainger.uiuc.edu/glossary.htm
http://htmlunit.sourceforge.net/
http://htmlunit.sourceforge.net/
http://www.google.com/support/webmasters/bin/answer.py?hl=en&answer=35287
http://www.google.com/support/webmasters/bin/answer.py?hl=en&answer=35287
http://www.intelius.com/search-faq.php
http://www.isearch.com/faq.html
http://www.isearch.com/faq.html
http://dl.acm.org/citation.cfm?id=1772896
http://dl.acm.org/citation.cfm?id=1772896
http://doi.acm.org/10.1145/1809400.1809403
http://doi.acm.org/10.1145/1809400.1809403
http://poi.apache.org/
http://www.sciencedirect.com/science/article/pii/S0020025510002215
http://www.sciencedirect.com/science/article/pii/S0020025510002215

B. CONTENT OF THE ATTACHED DVD

[21] Ning LIU, Jun YAN, Benyu ZHANG, Zheng CHEN, and Jian WANG.
Identification of similar queries based on overall and partial similarity
of time series. http://www.patentlens.net/patentlens/patent/
US_2009_0006365_A1/en/, 01 2009.

[22] Ph.D. Mgr. Pavel Rychly. Ohdkovani. http://nlp.fi.muni.cz/cz_
accent/, November 2011.

[23] Microsoft. Download: Word 2007: Rich text format (RTF) specifi-
cation, version 1.9.1 - microsoft download center - download de-

tails. http://www.microsoft.com/download/en/details.aspx?
id=10725, March 2008.

[24] Ministry of Finance of the CR. ARES - access to registers of economic
entities. http://wwwinfo.mfcr.cz/ares/ares.html.en, April 2012.

[25] MylLife.com, Inc. Free people search - find people - wink. http://
wink.com/, April 2012.

[26] OpenOffice.org. XML project. http://xml.openoffice.org/,
November 2011.

[27] Karl Pearson. The Grammar of Science. 1900.

[28] PeekYou LLC. PeekYou LLC | indexing the web around people. http:
//www .peekyou.biz/, April 2012.

[29] pipl. Pipl - people search. http://pipl.com/, April 2012.

[30] Q-Success. Usage statistics of character encodings for websites,
november 2011. |http://w3techs.com/technologies/overview/
character_encoding/all, November 2011.

[31] Bc. Matej Sabo. User:matej.sabo - vyhladavanie informécif. http://
vi.ikt.ui.sav.sk/User:mate’.sabo?view=home, December 2010.

[32] Satya Nadella - Senior Vice President. Bing - exciting news from
bing and yahoo! - search blog - site blogs - bing community. http:
//www.bing.com/community/site_blogs/b/search/archive/

2010/08/24/exciting—news—from-bing—-and-yahoo.aspx, Au-
gust 2010.

[33] Peter M. Senge. Sharing knowledge. http://www.solonline.org/
res/kr/shareknow.html, June 1998.

65


http://www.patentlens.net/patentlens/patent/US_2009_0006365_A1/en/
http://www.patentlens.net/patentlens/patent/US_2009_0006365_A1/en/
http://nlp.fi.muni.cz/cz_accent/
http://nlp.fi.muni.cz/cz_accent/
http://www.microsoft.com/download/en/details.aspx?id=10725
http://www.microsoft.com/download/en/details.aspx?id=10725
http://wwwinfo.mfcr.cz/ares/ares.html.en
http://wink.com/
http://wink.com/
http://xml.openoffice.org/
http://www.peekyou.biz/
http://www.peekyou.biz/
http://pipl.com/
http://w3techs.com/technologies/overview/character_encoding/all
http://w3techs.com/technologies/overview/character_encoding/all
http://vi.ikt.ui.sav.sk/User:matej.sabo?view=home
http://vi.ikt.ui.sav.sk/User:matej.sabo?view=home
http://www.bing.com/community/site_blogs/b/search/archive/2010/08/24/exciting-news-from-bing-and-yahoo.aspx
http://www.bing.com/community/site_blogs/b/search/archive/2010/08/24/exciting-news-from-bing-and-yahoo.aspx
http://www.bing.com/community/site_blogs/b/search/archive/2010/08/24/exciting-news-from-bing-and-yahoo.aspx
http://www.solonline.org/res/kr/shareknow.html
http://www.solonline.org/res/kr/shareknow.html

B. CONTENT OF THE ATTACHED DVD

[34] Leslie Sheh. Daily dose of my mind. http://shehlovee.tumblr.
com/post /2100214807, December 2010.

[35] Daniel Turing and Daniel Cassidy. swfmill swf2xml and xmI2swf.
http://swfmill.org/, November 2011.

[36] Inc. Unicode. Unicode 3.0, chapter 1 - introduction. http://unicode.
org/book/uc20chl.html, October 2005.

[37] Inc. Unicode. FAQ - UTF-8, UTF-16, UTF-32 & BOM. |http://
unicode.orqg/faqg/utf_bom.html, March 2011.

[38] vnikic. HtmlCleaner project home page. http://htmlcleaner.
sourceforge.net/, February 2011.

[39] Quang Minh Vu, Tomonari Masada, Atsuhiro Takasu, and Jun Adachi.
Disambiguation of People in Web Search Using a Knowledge Base.
2007 IEEE International Conference on Research, Innovation and
Vision for the Future, pages 185-191, March 2007.

[40] w3schools. HTML entities. http://www.w3schools.com/html/
html_entities.asp, May 2012.

[41] Eric WATSON, Marcelo CALBUCCI, Sally SALAS, and Darren
SHAKIB.  Query preprocessing and pipelining.  http://www.
patentlens.net/patentlens/patent/US_7472113/en/, 12 2008.

[42] WebKnox. Named entity definition AT WebKnox blog. http:
//webknox.com/blog/2010/09/named-entity-definition/,
September 2010.

[43] Yahoo! Yahoo! search - people search. http://people.yahoo.com/,
April 2012.

[44] Minoru Yoshida, M Ikeda, S Ono, and I Sato. Person name disam-
biguation by bootstrapping. http://dl.acm.org/citation.cfm?
id=1835454, 2010.

66


http://shehlovee.tumblr.com/post/2100214807
http://shehlovee.tumblr.com/post/2100214807
http://swfmill.org/
http://unicode.org/book/uc20ch1.html
http://unicode.org/book/uc20ch1.html
http://unicode.org/faq/utf_bom.html
http://unicode.org/faq/utf_bom.html
http://htmlcleaner.sourceforge.net/
http://htmlcleaner.sourceforge.net/
http://www.w3schools.com/html/html_entities.asp
http://www.w3schools.com/html/html_entities.asp
http://www.patentlens.net/patentlens/patent/US_7472113/en/
http://www.patentlens.net/patentlens/patent/US_7472113/en/
http://webknox.com/blog/2010/09/named-entity-definition/
http://webknox.com/blog/2010/09/named-entity-definition/
http://people.yahoo.com/
http://dl.acm.org/citation.cfm?id=1835454
http://dl.acm.org/citation.cfm?id=1835454

	Information retrieval
	 Query types
	 Web search engines

	Data Mining
	 Pre-processing
	 Data mining
	 Validation

	Web Person Search
	 Who can we find?
	 Problem definition
	 Problems connected with WePS
	 Related work on WePS
	 Disambiguation model

	Business partner search
	 Problems connected with searching for business partners
	 Search by hand
	 Information resources
	 Information about companies and business persons
	 Information about staffing of companies
	 Job portals
	 Social networks
	 Other sources


	Web documents pre-processing
	 Encoding
	 Format of documents
	 Diacritics
	 Stop List
	 Bag of words
	 Stemming

	Classification
	 Collection of data
	 Classification of pages
	 Training classifier

	Results
	 INFO_MANAGER classification
	 Two Stage Classification
	 Cost-Matrix

	Conclusions
	 Possible improvements
	 Future work

	Attachments
	Content of the attached DVD

