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Abstract - A semantic linguistic processor which
extracts the entities and their links from natural language
texts is considered. The conceptual model underlying the
algorithmic developments is the extended semantic
networks (ESN). The paper analyzes the use of the
processor for text formalization in various subject fields:
economy monitoring, criminal actions, mass media,
terrorist activities (in Russian and English). Peculiarities
of the texts are taken into account by linguistic knowledge
of the processor: the system can be tuned to various
subject areas. We describe the use of this processor for
text formalization in different subject areas, such as
economic crisis monitoring, criminology (summary of
incidents, accusatory conclusions, etc.), the mass media
documents  about  terrorist  activities, personnel
management (autobiographies, resume). Special features
of each problem area are examined: the collections of
extracted entities, the means for their identification, their
connections, occurring contractions, punctuation and
special  signs, specific character of language
constructions, etc. - all these special features were taken
into account in the linguistic knowledge development.

Keywords: knowledge mining, natural language,
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1 Introduction

A tremendous increase of documents flow, obtained
by the users through different information channels
(including the Internet), requires new solutions. The
analytical reports predict that during the period from
2006 to 2010 the volume of information will increase in
more than six times. The majority of such documents
(about 80%) exist in the form of natural language (NL)
texts. It is impossible to read and comprehend even the
smallest portion of the factual information available. The
existing information systems can render assistance, but
for this a preliminary formalization is required. At the
same time a great number of end users are people
interested in specific subject things. For example, a
financial analyst is interested in facts, figures and
references relating to banks, stock and shares, economic
situation and dynamics of different companies and
markets; a criminal inspector seeks to extract information

on important figurants, their places of residence,
telephones, criminal events, dates and other such facts; a
personnel manager is interested in the organizations,
when and where a person worked and in what position.
Other people try to extract from the media the
information about countries, cities, places of interest,
monuments, important persons, catastrophes, etc. We call
these particular objects of user interest entities. Entities
together with their features and links form information
objects.

Hence follows the need for constructing a new type
of information systems, which would consider the
interests of the end user and be oriented at extracting
information objects from texts [1-3]. At present this
problem is in the focus of attention of many researchers
and developers [4-19 ].

In this article a class of such systems is presented,
based on the use of special linguistic processors (LP) and
technology of knowledge bases (KB). Linguistic
processors are necessary for the deep processing of texts
with the development of entities and connections. On the
basis of the latter the structures of the knowledge
comprised in the knowledge base are formed. We call
such processors semantics-oriented. Their special feature
is the employment of the linguistic knowledge (LK),
organized in such a way as to consider lexical and
semantic special features of natural language with the
formation of the knowledge structures [1,14 ]. At the
level of KB it is possible to consider more fully the needs
of the users for decision of the following tasks.

First, due to the use of the reverse linguistic
processors the formation of reports, filling the required
table forms and relational databases have become
possible.

Second, due to the support of the expert component,
it is possible to ensure the updating of the information by
the analytical results, obtained via processing the
knowledge structures.

Third, intelligent features are provided due to the
organization of different types of search: the search for
concrete entities, the search for similar entities, the search
for connections, etc. Such forms of search relate to the
"semantic" facilities, since the results are achieved not at
the level of words or word forms, but at the level of the
knowledge structures from KB. We call the systems of
this type Intelligent Systems for Entities Extraction
(ISEE). ISEE are semantics-oriented.



During the last fifteen years on the basis of the
studies conducted at the Institute for Informatics
Problems of the Russian Academy of Sciences the
semantics-oriented systems and linguistic processors have
been developed for the formalization of natural language
texts and their analytical processing for different subject
areas: criminology (summary of incidents, accusatory
conclusions, etc.), the Media (documents about terrorist
activities), personnel management (autobiographies in the
Russian and English languages). These are integrated
systems DIEZ, IKS, "Analyst, "Criminal", Lingua-Master
[12-17]. At present a new domain is being introduced,
that is economic crisis monitoring.

This paper presents a discussion of special features
of these systems, the linguistic processors and knowledge
bases employed in them determined by the tasks and
specific character of natural language.

A special linguistic processor Semantix has been
designed. Semantix is an intelligent tool for knowledge
discovery in the flows of natural language texts. A special
form of the extended semantic network (ESN) is built on
the basis of each text document. The semantic network
presents the document semantic structure including
entities, relations, links and implications. This network is
automatically mapped into an XML file. XML files serve
the basis for compilation of analytical surveys, reports,
dossiers, etc. The intelligent tool is multifunctional and
can be reconfigured for particular applications. Different
versions of intelligent Semantix environments have been
implemented. These systems can be used for automatic
population of relational databases (DB) from natural
language texts, for creation of knowledge bases with
subsequent organization of directed retrieval to the
necessary information (semantic entities).
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Figure 1. General Functions of the Intelligent System for Entities Extractions (ISEE).

2 Semantix components

A variety of semantic search forms is supported.
The linguistic processor Semantix comprises the
following components.

1). The component of lexical and morphological
analysis. 1t extracts words and sentences from the text,
performs lemmatization of words (normal form
establishment) and constructs the semantic network
presenting the space structure of text (SpST), which
reflects the sequence of words, their basic features,
beginnings of sentences and the presence of space
character lines. The component uses a two-level general

ontology and a special collection of subject dictionaries
(the dictionary of countries, regions of Russia, names,
forms of weapons, and other items specific for the
supported domains). The component performs semantic
grouping of the words and assigns them additional
semantic attributes.

2). The component of syntactic-semantic analysis. It
converts one semantic network (SN) into another one
which represents the semantic structure of text (SemST)
the, ie., the relevant semantic entities and their
connections. The SemST is called the meaningful portrait
of document. It comprises knowledge structures of the
knowledge base which serve the basis for implementing



different forms of semantic search : the search by features
and connections, the search for the entities connected at
different levels, the search for similar persons and
incidents, the search by distinctive characteristics (with
the use of ontologies).

The component is controlled by the linguistic
knowledge (LK), which determines the process of text
analysis. LK includes special form of contextual rules
which ensure the high degree of selectivity with the
extraction of entities and connections. The functions of
this component are as follows:

e Extraction of information objects from the flow
of NL documents: persons, organizations, actions, their
place and time, and many other relevant types of objects.

e The establishment of the connections of between
objects. For example, persons are connected with
organizations (PLACE OF WORK), by addresses
(LIVES, REGISTERED). Or figurants of criminal cases
are connected with such objects as the type of weapon,
drugs (TO HAVE).

e The analysis of finite and nonfinite verbal forms
with the identification of the participation of objects in
the appropriate actions. For example, one figurant gave
drugs to another figurant, and this is the fact linking
them.

e The establishment of the connections of actions
with the objects by place or time (where and when some
action or event occurred).

e The analysis of the reason-consequence and
temporary connections between actions and events.

3). Expert system component (ES). On the basis of
semantic networks the new knowledge pieces are
constructed in the form of additional fragments (ESN).
For example, the ES extracts the area of a person activity
(in accordance with the assigned classifier) from the text
of resume for each autobiography. The experience of the
person’s work is evaluated. The correlation of a criminal
incident to the specific type is accomplished with the
analysis of the criminal actions of ES: the following facts
are revealed - the nature of crime, the method of its
accomplishment, the instrument, and so forth (in
accordance with the classifiers of the criminal police).

4). Reverse linguistic processor, which converts the
meaningful portrait of document (semantic network) into
the XML- file. In this case the necessary replacements of
symbols, service words (names of objects) are achieved,
the markers of beginning and end of the objects, actions,
sentences. Conversion is achieved without the loss of
information. The XML- file is arranged in such a way
that all the revealed components and connections are
represented in it. If necessary, the inverse transformation
of the XML file into the semantic network is ensured.

5). The base of linguistic and expert knowledge
(KB). It contains the rules of the text analysis and expert
solutions in the internal presentation. They determine the
work of the linguistic processor. Semantix has several
such bases, which are activated depending on subject
areas and user tasks.

3 The entities and links for extraction

The set of the entities to be extracted depends on the
tasks of a user. At the same time the quality of a
linguistic processor is to a considerable degree
determined by the possibilities for this extraction. The
Semantix processor supports more than 40 types of
semantic entities which can be extracted automatically.
Some examples of basic entities types and connections
extracted by Semantix are given below:

* persons (by family name, given name and
patronymic - FNP) with their role features (criminal,
victim);

» the verbal description of the persons, their
distinctive signs;

» address, posting information attributes;

* date(s) mentioned;

* weapon with its special features;

+ telephone numbers, faxes, e-mails with their
subsequent standardization;

* the means of transport with the indication of the
vehicle type, its state number, color and other attributes;

» passport data and other documents with their
attributes;

» explosives and narcotic substances;

* organizations, positions;

* quantitative characteristics (how many persons or
other objects participated in an event);

* the numbers of accounts, sums of money with the
indication of the currency type;

* terrorist groups and organizations;

* participants of terrorist groups with the indication
of their roles (leader, head of, etc.);

* the armed forces, assigned for antiterrorist combat
(Military .Force);

* event (criminal, terrorist, biographical, and so on)
with the indication of the information objects
participation in them;

« time and the place of events;

» the connection between different types of
information objects (with whom a person works in an
organization, or lives at the same address, in what events
participated together with other objects, etc.).

For extracting objects all versions of an object name
including the contracted form possible in the text were
considered. Standard objects (names, dates, addresses,
types of weapons and others) are reduced to one
(standard) form. The identification of objects is
performed taking into account brief designations (for
example, separate surnames, patronymics, initials),
anaphoric references (indicative and personal pronouns,
for example, "this person", "it...") definitions and
explanations (for example, "the mayor of Moscow
Luzhkov" is identified with the subsequent words
"mayor", "Luzhkov"). For the extraction of events and
connections the analysis of verbal forms, participial and
adverbial constructions is carried out.

An important task is the identification of entities in
the entire text, the use for these purposes of indicative
pronouns, brief names, anaphoric references.



4 Factors of processor quality

The quality of a linguistic processor is determined
by a number of factors.

The first one is the facility of entities and
connections establishment. The Semantix processor
outperforms the existing systems by the number of the
supported semantic entities types. It identifies more than
40 types of entities including very complex ones, which
correspond to actions and events, for comparison the
competitors’ best result is about 15 types.

The second important factor is the selectivity of
rules and procedures of identification: the factor of the
noise and losses. By noise we mean the presence of
excessive words in the entities. Losses are the situations
when an entity is not revealed or revealed partially: in the
text there are the words, which did not enter into the
entity. In the Semantix processor the rules are arranged in
such a way that they ensure the high degree of selectivity
and the minimization of noise and losses with the large
number of the entities being selected.

The third factor is the possibility and the labor
expense for tuning to a corpus of texts (for increasing the
selectivity of rules for extraction of entities), and also
tuning to the new subject domains and types of entities.
Due to the complexity of analysis this tuning is achieved
through the linguistic knowledge (LK). The Semantix
linguistic processor ensures the analysis of the Russian
and English language forms with the aid of the uniform
language model.

The fourth factor is the speed of linguistic processor
operation, i.e., the time of text analysis. The speed is
determined by the design features of a processor (by
means of search time decrease), and also by the number
of entities being extracted. The application of rules of
extraction is connected with the search for the necessary
words, where sorting is required. The greater is the
number of entities and rules the greater is the time of
analysis. In the Semantix processor there are different
means of sorting time decrease. Besides the program,
there are also means of control by linguistic knowledge.
It is indicated for each rule, what words should be
searched for the initiation of the process of its
application. The constraints in the form of the expected
contexts (to the left and to the right of the revealed
words) are assigned. These features ensure sufficiently
high speed (fractions of a second for 1 KB of text) with a
sufficiently large number of entities extracted.

The system features the entire complex of means
which ensure rapid tuning to the applications (including
the introduction of new entities and connections) taking

into account the demands of customers. Note that in the
mentioned processors the entities are brought to the
standard form with the indication of the types of
components. A sufficiently in-depth analysis of sentences
is conducted with the development of verbal forms, and
also with the identification of entities of the entire text.
The analysis of complex language structures is ensured:
forms with  verbal nouns, participial and adverbial
constructions, coordinated terms, etc. is supported by the
expert component. The Semantix processor can be used
as a stand-alone (independent) module. At present the
first release of the English language version of the
information object - oriented linguistic processor
Semantix has been developed.

5 The on-going developments

5.1 Economics monitoring

The English release of the Semantix linguistic
processor is being tuned to the Financial knowledge
extraction and analysis and semantic Web search for the
relevant information in Economics sphere. This release is
intended for intelligent support of business solutions. The
primary investigation stage requires cognitive linguistic
analysis of the subject area with the subsequent design of
the domain-oriented ontology and its incorporation into
the general ontology of Semantix. The development of
the domain-specific vocabularies can be partially
supported by the learning facilities of the linguistic
processor.

The system performs semantic objects extraction
from natural language texts and automatic formation of
semantic networks. The networks are populated by
objects of different types and their interconnections:
banks, companies, addresses, stock, shares, values, stock
exchanges, etc. The objects are extracted from documents
with their features and relations. On the basis of each
document a special form of semantic network is built
reflecting its semantic structure. Such networks are
mapped into XML- files which constitute knowledge
bases. Semantic search results in semantic presentations
for deciding logical analytical problems and for automatic
filling of relational databases.

Three modes of semantic presentations are
supported by the system: 1) List of objects types with
references to particular content items, e.g. Type:
Mentioned Organizations; Content: Bank of China;
Source Text: “Bank of China”; 2) Graph presentation
(Fig.2); 3) XML presentation of text.
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Bank of China surged £.28 percent to 567 yuan while the Industrial and r
Commercial Bank of China rose 5.47 per cent to 5.53 yuan. Industrial Bank
soared by the day limit of 10 percent before receding to 27.83 yuan, up
7.16 percent from the prewious close, China Lie, the couniy's biggest
isures, went up 1.85 percent to 35,73 puan while Ping &n Insurance gained
1.76 percent to 47 4 yuan. In conhary o the prospenty of fnancial
shares, most of the shares declined in the Shanghai Stock Exchange, with the
Insers outnurbered the winners by a ratio of & to 1

Simnilar to the Shanghai market, the Shenzhen Stock Exchange saw the fall
of more than 85 percent of the shares. Hawever, it lacked the financial
shares to push up the Shenzhen Composite Indes while closed 1.80 percent
lower to 820.71. The Shanghai and Shenzhen 300 index of major companies also
fell. It lost 0.51 percent to 2,783,230,

Shong investment sentiment in funds Chinese citizens' investment in funds
has jumped to a record high, according to a survey by the cential bank.
relessed Wednesday. Funds sccaunt for 16.7 percent, unprecedented high, of
Chingse residents’ holdings of financial assets in the first quarter of the
yesar, up from 10 percent in the previous quarter, the result of the survey
showed.

Deposit remained to be the major financial assets, bt its proportion has
dropped to an alltime low of 53.4 percent. The decrease was attibuted to
low interest 1ate and magnet effect of the stock market.

Some 58.4 percent of the polled citizens believed that the interest rate
i low, an increase of 3.2 percent from the previous quarter. The country's
benchmark one-vear deposit iate stands at 2.79 percent after a 0.27
percentage point fise bwo weeks ago.

But the real interest rate is actually negative, given the sccslerating
inflation and interest tax. Consurner Price Index, a key indicator of
inflation, surged 2 7 percent in Februany. Chiness residents' interest
income is subject to & 20 percent tax,

A bullish stock market also contributed ta the reduction in the propartion
of deposits. The benchmark Shanghai Composite Indes: has grown neary 20
percert after ralling 130 percent last year.

The share of stocks in the residents' financial assets holdings rose two
percent, said the result of the survey posted on the central bank's website,
without giving @ specific percentage of the stocks in the holdings.

Mearwhile, 30.2 percent of the surveyed residents thought the purchase of
stocks of fumds are warthwhile under the curment interest 1ate and
cammadities price level, an increase of 11.7 percent from the previous
quarter,

The number of furds in the country has topped 300 by the end of 2006, with
& market value of nearly 1 trillion yuan, official statistics showed
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Figure 2. Graph presentation of semantic objects from the text “The Bank of China”.

5.2 Monuments catalogs intelligent guide

The Intelligent Guide for extraction of particular
information about monuments and historical places of
interest in under development at present. The principal
entities extracted by this system are historical
monuments, buildings, persons and events connected
with these monuments; historical periods and dates. The
system supports the feature of identification of different
monuments with the particular person to whom these
monuments were dedicated, as, for example, The
following descriptions of different monuments will be
linked with the same historical person — tsar Peter I:

the bronze copy of the original "Tsar Carpenter”
monument remained in Holland.

"The Bronze Horseman" is the most famous
monument of St. Petersburg.

The monument was built between 1845 and 1847.
On May 23, 1848 it was opened.

In 2000 the statue was installed and in 2001 it was
destroyed.

Thus the Intelligent System for Entities Extraction
(ISEE) is populated from the text about the Alexander
Column in St. Petersburg.

6 Conclusion

The systems based on the entities extraction
linguistic processors can be used in different areas of

application where the extraction of useful information
from natural language texts is required. In this case, the
processors, described in this work, possess a number of
essential advantages.

In the processors of the Semantix, Lingua-Master,
“Criminal” systems up to 40 types of objects are
extracted with high accuracy and minimum noise. For
example, the system "Criminal" was verified on about
500 thousand incidents from the summaries of Moscow
Criminal Police Department, and on the basic objects
showed the unique results: the coefficient of noise, i.e.
excessive words in the objects) is not more than 1-2%
and losses are not more than 3%.

For performance increase the representative
collections of test documents are extremely important.
The means of fixing or tuning of linguistic processors are
as follows: the employment of hybrid approaches
comprising hand-made rules and statistical means for
rapid correction and fine adjustment of linguistic
knowledge.

In our systems there is an entire complex of such
means which ensure rapid tuning to the applications
(including the introduction of new objects and
connections) taking into account the demands of
customers [19]. Note that in the mentioned processors the
objects are brought to the standard form (for example,
FNP, address, date) with the indication of the types of
components. A sufficiently in-depth analysis of sentences
is conducted with the development of verbal forms, and
also with the identification of objects of the entire text.
The analysis of the complex language structures is
ensured: forms with  verbal nouns, participial and



adverbial constructions, coordinated terms, etc. is
supported by the expert component. The Semantix
processor can be used as a stand-alone (independent)
module [21]. It has a number of essential advantages, the
main is that it outperforms the recently appeared systems
by the number of the supported object types, there is an
entire complex of logical and statistical means which
ensure rapid tuning to the applications (including the
introduction of new objects and connections) taking into
account the demands of customers [19]. At present the
English language version of the object - oriented
linguistic processor Semantix [15,16,19,21] has been
released. Our furter efforts are connected with the
developing a simultaneous bilingual search and extraction
features.
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