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INTRODUCTION

Actuality of the Subject

Current research is a sequel of the study of knowledge-based strategies where from the variety
of problems, the class where Space of possible Solutions can be specified by Reproducible
combinatorial Game Trees (SSRGT) is considered and unified agorithms and software, SSRGT
Solver, for elaborating optimal strategies for any input specified problem of the class are devel oped.

The SSRGT is a spacious class of problems with only afew requirements as follows:

there are () interacting actors, performing (b) identified types of actions in the (c) specified

moments of time and (d) specified types of situations,

there are identified benefits for each of the actors,

the situations the actors act in and transformed after the actions can be specified by certain

rules, regularities.

Many security and competition problems like network Intrusion Protection (IP), Management
in oligopoly competitions, Chess-like combinatorial problems, Defense of military units from a
variety types of attacks, Anomalies detection and correction in computations, etc., belong to SSRGT
class.

Unified SSRGT specification of problems makes possible to design a unified Solver for the
problems of the class.

Study of meaning processing for knowledge based strategies and trandators in Armenia were
started in the Computing Center of Academy of Sciences and State University of Armenia ( now
Ingtitute for Informatics and Automation Problems) since its foundation in 1957 by Sergey
Mergelyan.

In Pogossian's works it was shown that urgent and spacious SSRGT combating and
competition problems are reducible to the standard kernel problem K of the class and we do focus
chess as the K. The importance of the K- methodology is that it multiplies the achievements for
particular problems of the SSRGT class. K- centric methodology enhances the effectiveness of
SSRGT Solvers providing answers to the urgent SSRGT questions including the following ones: (a)
measurement of the effectiveness of Solvers; (b) analysis and typifying combating knowledge; (c)
construction of knowledge based SSRGT Solvers; (d) acquisition in a regular way SSRGT expert
knowledge.

Solver of the SSRGT problems is a package aimed to acquire strategic expert knowledge to
become comparable with a human in solving hard combinatorial competing and combating
problems.

In fact, the following three tasks of expert knowledge acquisition can be identified in the
process:



1. construction of the package of programs sufficient to acquire the meanings of the units of
vocabulary (UV) of problems,

construction of procedures for regular acquisition of the meanings of UV by the package,

3. provision of means measuring the effectiveness of solutions of SSRGT problems.

The second task of acquisition of complex expert knowledge was planned to solve in the
following two stages:

proving the sufficiency, i.e. proving that Solver, in principle, can acquire the meanings of

expert knowledge of an intensive SSRGT problem, e.g. for the kernel SSRGT chess game,

ensuring regularity, i.e. to develop procedures for regular acquisition of SSRGT problems and
meanings of UV of those problems.

The meanings are defined as certain assembles of regularities which have, at least, identifiers,
names, and do combine with other meanings by have, be, do types of links, relationships, subjectsto
bevaried intime, aspects, modality and certain other syntax categories.

The problem of modeling and processing the meanings of lexical unitsis especialy singled out
also in the recent researches of the semantic/meaning-based search in the web.

The searching giants, like Google with its Knowledge Graph and Microsoft with its Satory are
introducing semantic extensions to their search engines. However, the problem of understanding the
natural language sentences as well as supporting semantic searches for languages but English still
stand as research challenges in the web search.

The understanding of the meanings of natural language sentences is still not a solved problem
also in machine trandation. The ongoing UNL project (Universal Networking Language), with its
projection to Armenian, is another example of the efforts to enhance computers to understand what
ismeant by natural languages.

The general overview of the problem of understanding the meaning of human vocabulary by
computers and the methods to solve it are considered particularly in [Understanding Computers and
Cognition, T. Winograd, F. Flores (Standford), 1987], publications of Marvin Minsky, Deb Roy
(MIT), SOAR Project (Michigan University).

The objective of the work is to research and develop the agorithms for regular acquisition,
presentation, evolvement and utilization of meanings of vocabulary of SSRGT Games in SSRGT
Solver software framework. To achieve the objective following problems have been solved:
Extending the graphical language interpreter and interface for formation and acquisition of
expert strategic knowledge of arbitrary SSRGT problem.
Designing and developing framework for presenting and manipul ating acquired meanings.
Developing algorithms for matching situations to the meanings.
Developing combinative agorithms for constructing new meanings from existing ones or
relations between them.



Objects of the research are the graphical language interpreter, the software framework for

modeling the store of the acquired meanings and mechanism for evolving new meanings from the
learned ones, as well as the algorithms of finding meanings active in given situations for the class of
problems where space of solutions can be represented by reproducible game trees.

M ethods of research are based on the theory of developing programming languages (UML, Java),
mechanisms to solve constraint satisfaction problems as well as the principles of design of agent
systems.

Scientific novelty

1

The modules for acquisition of communalized and personalized lexical units are developed,
specified by multiple level of nested attributes and polymorphic properties in the framework of
expert strategy knowledge acquisition by SSRGT Solver.

Algorithms for presentation and evolvement of meanings of SSRGT problems based on the be-
, have-, do language syntax are implemented in extended Java language.

Algorithms for matching situations to the meanings are developed and realized based on
techniques of iterative matching to sub-meanings and constraint satisfaction.

Algorithms for building new meanings from the existing ones based on combinative
generalization approach are developed and realized.

Practical significance

1.

Because SSRGT class includes a large list of practical problems (computer networks intrusion
protection, optimal management and marketing strategy elaboration in competitive
environments, defense of military units from a variety types of attacks, etc.) the software
package can be applied for acquisition of communicable and personalized components of
expert knowledge and for detection of relevant meanings in the situations of particular
problems.

Language derived be-, have-, do- model of meaning presentation inherits the properties of
object oriented (OO) paradigm in improving the visualization and understanding of structures
of meanings, meanwhile, supports extra characteristics to overcome severa limitations of
modern compilers, interpreters which implement classical OO languages.

The instantiation of meanings from their sub-meanings enables the iterative activation of
meanings in situations, while reusing the matched sub-meanings prevents the checking of same
conditions more than once.

The techniques of combinative generalization of meanings enable extraction and insertion of
new meanings (OO classes) into the existing hierarchies or building new relations between
existing meanings in a dynamic way — without altering the definitions of existing classes and
without recompilation and restarting the program.
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Practical implementation

1. The results have been implemented and are used in "OMD" LLC, which provides market data
management and analytical solutions that enable financia institutions to outmaneuver the
competition by executing new trading strategies faster. The SSRGT Solver alows acquisition
of financial news analyst's strategy knowledge via graphical interface and detects the relevant
units within the vast sources of the financial news. The activated units can be used for building
or modifying the trading strategies.

2. SSRGT Solver is installed in the American University of Armenia and in the Institute of
Informatics and Automation Problems of NAS RA for educational and research purposes.

Thefollowing topics are presented to the defense
Object oriented (OO) constructions and a model for presentation and manipulation of meanings
of lexical units of SSRGT problems based on be-, have-, do language dimensions.
The agorithm for matching situations to the meanings by iterative matching of their sub-
meanings.
The combinative generaization agorithms of meanings which alow extraction of new
meanings from and building new rel ations between already acquired ones.

Approbation

The results of the work on dissertation have been presented at:
International conference - Computer Science and Information Technologies (CSIT), Yerevan,
Armenia, 2011;
The Annual Conference of SEUA, Y erevan, 2013.
Seminars at State Engineering University of Armenia, Institute of Informatics and Automation
Problems of National Academy of Sciences of the Republic of Armenia, American University of
Armenia.

Publications
The main topics of the dissertation are published in [1-4].

Structure of the dissertation

The dissertation contains an Introduction, five Chapters, a general summary with the conclusion
and future works, the list of references with 124 entries and one Appendix. The total volume of the
dissertation is 127 pages, with 3 tables and 44 figures.



CONTENT OF THE WORK

The introductory chapter describes the actuality, objectives, scientific novelty and practica
significance of the work as well as gives the main information about the practical implementation of
the results.

Chapter 1 is dedicated to an overview of the problem of the acquisition of meanings of the
lexical units by computers, their presentation and detection in the relevant situations as well as the
problems of building new meanings from already acquired ones. The aim is to develop models that
will enable the presentation of meaning of acquired lexical units, support procedures of their
evolvements and algorithms for matching the situations to the acquired meanings.

In Section 1.1 and 1.2 the Optima Strategy Provision (OSP) problems and their constructive
SSRGT subclass of problems are considered. The latter describes problems which space of solutions
can be represented as reproducible game trees. The problems of SSRGT class postul ate existence of
the following: (@) interacting actors ( players, competitors, etc.) performing (b) identified types of
actions in the (c) specified moments of time and in the (d) specified types of situations. There are
identified benefits (goals) for each of the actors. The aggregation of situations represents the game
tree, nodes of which are situations themselves and edges are the corresponding transformation
actions of the interacting actors.

We say that SSRGT problem is solved for the actor A and for the given situation x if a GT(X,
A) strategy is induced which represents all the possible performance trees of the strategies from x
initial situation. The PPIT (Personalized Planning and Integrated Testing) Solver program was
developed that implements PPIT agorithm. For inducing strategies PPIT uses an approach that
relies on the experts' problem domain knowledge represented as plans, goals, and abstracts.

Section 1.3 considers the meaning presentation and processing approaches and discusses the
existing knowledge representation systems. Table 1 summarizes the comparative analysis of that
systems from the perspective to represent the required properties of the meanings of SSRGT
problems.

From the analysis we conclude that, although, object oriented programming (OOP) systems
cover most of the required properties there are following fundamental limitation in the
functionalities of the compilers and interpretators of modern OOP |languages:

dynamic generation of new classses,

matching classes by matching its attributes,

dynamically change class hierarchies,

identify inheritence hierarchies,

dynamically build new classes from existing ones.



Table 1. Analysis of the knowledge representation models. Prod.Sys. stands for Production Systems - which is
used in SOAR Project, Protégé - the ontology editor and knowledge acquisition sysem and OOP languages
(C++, Java). The most important properties are marked in bold. '+' indicates the existence and '-' the absence of
the property.

Property Prod. Proté
Sys. gé
|
+ +

Transparency -
%
= Reuse + + +
= Inheritance - - +
S
é Polymorphism - + +
‘D
§' Describe static entities (for example goals) - + +
<
Define dynamic actions to build the algorithms + - +
Dynamically generate and integr ate new meanings + + -
Dynamically modify existing meanings + + -

Build new meanings from already existing ones - - -

Change hierarchies of existing meanings - = -

Development of
Meanings

Build new relations (Inheritance etc.) between existing meanings - - -
Match situations to meanings + = -

Support the nucleus level abstraction + + +

Recognition
of Meanings

Build new meanings from t-prints + - -

Finally the Section 1.4 discusses the problem of inferring new meanings from the existing
ones.

Summary of Chapter 1isgivenin Section 1.5.

Chapter 2 describes the solutions to the shortcomings of the graphical language interpreter for
expert strategy knowledge acquisition and develops the model for presentation of the meanings of
acquired lexical units.

Section 2.1 discusses enhancements of the graphical language and interpreter that simplify and
augment the descriptive functionalities of the interface by enriching it with the ability to describe
more complex and flexible units.



In order to encapsulate the internal details of the meaning acquisition interface regarding the
indexing and grouping the instances of nucleus abstracts, subsection 2.1.1 introduces the new
concept called arl - abstracts satisfying rule number 1. The rule number 1 dictates the following
restrictions:

an arl must contain only nucleus attributes,

there must be utmost one attribute of a given nucleus type,

all attributes must belong to the same Id Group - i.e. have the same indexes.

According to these restrictions, arls embrace implied joins within the attributes using their
indices, hence, removing the burden of the manual configuration of the indices from the interface.

Subsection 2.1.2 describes the achievements in modeling and working with abstracts having
multilevel nested attributes. The other enhancement of the interpreter is the ability to define and
work with abstracts having polymorphic properties introduced in subsection 2.1.3. These are called
virtual abstracts and play the role of interfaces or abstract classes of OO programming languages
(Java, C++ etc.) with a difference that the virtuality here is achieved by the means of undefined
values of attributes instead of methods. The concept of virtuality thus becomes pretty generalized
and is available for all kind of abstracts, not just for procedural entities (Actions). A virtual unit is,
therefore, apartial specification of aclass or a procedura entity.

Syntactically, an abstract is virtud if it contains at least one attribute with undefined relation
(the attribute condition is undefined if it is set to equal to '? special value). To make the
instantiations of such kind of abstracts possible one has to inherit a new abstract from them and
specify undefined conditions/relations. This procedure is called virtual abstract specification. The
use of avirtual abstract as an attribute in the other abstract is called a virtual abstract usage. What
follows, is that the instance of the abstract can be built from various compositions of specific
attribute instances.

To overcome the limitations underlined in the chapter one in Section 2.2 a more flexible
approach of meaning presentation based on the be-, have-, do dimensions of language grammar is
developed. The refinement of meanings and the relevance of their representation using be-, have-,
do dimensions of English grammar are argued in [On Modeling Cognition , Pogossian E., 2011]%.

Subsections 2.2.1 and 2.2.2 discuss the graph of abstracts (GA) as the sketch of the meaning
representation model and provide the algorithm of a new meaning integration. The graph of abstract
is a directed symmetric graph where edges represent one of be, have, do relations (with their

! Pogossian, E. On Modeling Cognition. Computer Science and Information Technologies (CSIT11).
Yerevan, Sept.26-30, 2011. pp. 194-198.



reverse pairs) and nodes represent the abstracts. The latter like Markov agorithms is a kind of
compositions of rules, regularities.

Meaning mR of the classifier cR (Iexical units etc.) of redlities R is the connectivity sub graph
GmR of GA centered in the cR (Fig 1).

Nucleus Abstract2
4

Abstract4

Nucleus Abstractl
¢

be ----4 » !

Fig 1.The meaning of cR classifier asa connectivity sub graph GmR centered in the cR.

The section is summarized by describing the store of meanings (Fig 2) which is built on the
top of the graph of abstracts (abstracts, are the units of meanings) and is designed to serve as an
interchange unit with User by covering the following functionalities:

constructing abstracts,

managing (modifying, removing) abstracts,

storing and loading abstracts from permanent storage,

finding, serializing and returning the abstracts.

GUI Store _Of In memory store Permanent store
Meanings abstracts collections
Abstract
fg [ Nudess (O | Nudess (0O
o)
g’ create | Composite (((((0) ‘ Composite C(K@\
Output > o | St | sat @Q@‘
Module ¢ E
%‘ | Action ‘ Action @Q:O‘

Fig 2. Store of meanings.

Section 2.3 gives the Summary of Chapter 2.
Chapter 3 describes and signifies the problem of developing a procedure to find the meanings
active in the given situations. It argues, that the matching procedure which determines the active
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meanings often dominates all other computations and determines the speed of execution of the entire
system. Hence, the representation model of the meanings significantly affects the design and
efficiency of the matching algorithm.

The following properties of the be-, have-, do meaning presentation model as well as the
properties of the Solver problem domain itself, make it possible to implement the matching
algorithm using the effective approaches of the Rete algorithm developed by Forgy:

the be-, have-, do model allows matching meanings by iterative matching of the sub-meanings,

there are many meanings which are used repeatedly as sub-meanings in other meanings,

the changes in sequential situations are usually very small.

Section 3.1 gives the detailed description of the implemented matching algorithm. It operates
on the top of the graph of abstracts (representing so called test nodes, because each abstract in the
graph defines some set of regulations) and maintains another graph - graph of instances (so called
memory nodes). Filtering and conjunction types of test nodes are distinguished in the graph of
abstracts according to their functional characteristics. Similarly, alpha and beta memory nodes are
introduced as containers of complete and partial matches attached to the filtering and conjunction
nodes respectively as shown in Fig 3.

The algorithm traverses the constituents of situations - nucleus instances, on the graph of
abstracts resulting partial and complete matches. It exploits the first two properties of the meaning
presentation model by sharing common test and memory nodes. It takes advantages from the third
property by storing match information in the graph of instances between cycles, so that it only
matches a unit of a situation - a nucleus instance, against each condition once, even if (asis likely)
the nucleus instances remains in situations for many cycles.

When a new instance is added to the situation, the matching procedure “filters" it down the
graph of abstracts, causing new partial matches to be formed and possibly causing one or more
abstracts to be instantiated and passed to further processing. Similarly, the nucleus instance removal
procedure "filters' down the removed nucleus instance causing the partial matches including the
connected instances to be removed from the memory nodes.

Although, Rete is considered as one of the most effective pattern matching algorithms still has
certain shortcomings which are underlined in Table 2.

Subection 3.1.2 represents the specific agorithms developed for the activation of different
type of abstracts. Here the sequence of nucleus abstracts is modeled as a branch of filtering nodes
which ends with a reference to an alpha memory node. Correspondingly, composite (including arls)
abstracts are represented as nodes with both filtering and conjunction characteristics.
Straightforward algorithms for their activation from the activation of their attributes is represented
with the discussion of partial instance matching and instance queuing mechanisms. The matchings
of Set abstracts and Actions are considered as analogical procedures of composite abstract

11



d situation, nucleus
instances add. remove

'

nucleus instance

dispatcher

(A) esk-node
nucleus type |

(B) test-node
nucleus type 2

(C) tesk-node
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\

\

/

(Al) 1esk-node
value = 5

(BI) 1est-node

(C1) test-node

. valuein[2.7] . value=4

T A
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\ e
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atrl.y=am2.v Iy
(D) test-node | (id1) alpha

attrlv=< 5

/

(k) and-node

L

production
node

memory

.| (ie) beta
memory

Fig 3. The structure of a small graph of abstrtacts and graph of instances. The pairs of nodes labled (A) - (A1),
(B) - (B1), (C) - (C1) aswell as (D) - (D1) are representing the filtering branches. The nodes labeled (D) and
(E) are representing conjunction or and nodes. It can be observed that each filtering branch has an attached
alpha memory node (labeled (ial), (ibl), (icl) and (id1)). Smilarly, each conjuntion node has a beta memory
node attached (nodes, with (id) and (ie) labels). The composition of nodes with thick borders reresent the rooted
tree of the abstract labeled with node (D).

activation. Finally, activations of virtual and usage abstracts are discussed as specia types of
filtering nodes.

In Section 3.2 the representation of the congtituents of a t-print is considered. t-prints are
defined as bundles of output objects or the indices of the active at atimet perceptors, utilities and
abstracts. The mentioned components are modeled as follows:

12



the output of perception is modeled as a composition of instances of certain abstracts satisfying
severa basic conditions (arls),

the active abstracts are modeled as a collection of names (indices) of the abstracts which got
activated during the processing cycle of the input of a perception,

and, utilities, as values assigned to the prints by certain evaluators of the Solver.

The section is summarized by describing the store of t-prints as a sequence of t-prints -

Table 2. The shortcomings of the Rete algorithm and the devel oped solutions within the model.

Shortcomings Solutions

The size of the used memory may be | N/A
combinatorially explosive.

Sharing network structure is not advantageous | Introducing new concept - graph of instances,
for parallel matching. separate from graph of abstracts, and achieving
parallelism by processing different branches of
the game tree.

To maintain consistent state in the network | Partial active abstracts are cached and reused in
Rete must perform extensive computation for | the successive situations.
abstracts that are inactive.

representing some kind of snapshots, and delta-prints - representing the change between two
successive prints.

Section 3.3 summarizes the Chapter 3.

Chapter 4 is devoted to the development of techniques for the evolvement of meanings. It
discusses and underlines the following shortcoming of using OO paradigms for meaning
representation:

it is necessary to start the descriptions from the root of the hierarchy, while categorization

starts from the middle.

This, implies that experts know everything about the universe to be modeled. However, as
argued in the literature, it is not. Therefore, to handle this implication the chapter develops certain
techniques for meaning acquisition, which permit the engineersexperts to start descriptions
intuitively from the basic level and find the super levelsin due course.

To restrict the "space” of the meaning in the graph of abstracts Section 4.1 introduces the idea
of the skeleton of a meaning, which, basicaly, defines the key units of the meaning by covering its
most important components - the components which are directly used in the activation of the
meaning.

Section 4.2 develops the basic techniques for the meaning evolvement in the form of
elementary generalization and specialization operations within the be-, have-, do- meaning
presentation model. It outlines Increase and Substract elementary generalization as well as
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Restrict and Digoint Sum elementary specialization operations. In their turn, the generalization
and specialization of a meaning are defined by the sequence of elementary generalization and,
respectively, speciaization operations.

Section 4.3 considers the generalization of two meanings. To define the degree of
generalization (how close isit to the (or &) least generalization) the concept of strongly compatible
abstracts is introduced based on their proximity in the be connection chain. In the subsections, the
detailed descriptions of the algorithms developed for the generalization of various types of abstracts
are discussed. It is claimed that the generalization of other abstractsis either a specia case or can be
brought to the generalization of composite abstracts. Consequently, the efficiency of generalization
of two meanings is argued to be assessed by the efficiency of the generalization of composite
abstracts.

Compoite _Cached
Abstracts A, B Paired Entry
List (PE

Initialize
Mapping Table

Remove the Entries
with no pair from
the table

v

Sort the
Table

Foreach
table entry

there is one to

Foreach
Cached PE

Create a new
Abstract

v

Extract and add
Dependencies

I 2
Pass the new Add the entry
Abstract to post- to the PE
processing algorithm ¢
é Remove used

attribute from
other entries

Fig 4. The flow chart of the algorithm of two composite abstract generalization (continued in Fig 5).
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Subsection 4.3.4 describes the generalization algorithm of composite abstracts. Fig 4 and Fig 5
represent the flow chart of the algorithm. It uses the semantics of the be connection to find the
meanings which are strongly compatible. In other words, the closest pairs of meanings in the be
connection chain. Further, to dea with the extraction of relations/dependencies between attributes
the algorithm of equivalence checking of arithmetic expressions developed by Ghodrat is adopted.

In subsection 4.3.5 the algorithm of extraction of a virtua abstract by the generaization
procedures is discussed. The importance of the latter oneis argued as a procedure of extraction new

Remove the Entries

with no pair from
the table

I Table 1s
not Empty

Sort the Table and
Fix the tirst entry

For each Lelt
Element of the Entry
For each Right
Element of the Entry

Clone PE into
N_PE and add
N PE to a cache

Add Left and
Right elements as
aPairto N_PE

v

Remove used
elements from
other Entries

Fig 5. The flow chart of the algorithm of two composite abstract generalization (continuation of Fig 4).
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classes analogical to the interfaces of OO languages. The section is summaries by underling that the
proposed techniques can be used to:

find common parts of two meanings,

dynamically generate and integrate a new meaning between the be connection chains,

extract acommon Interface.

The above achievements solve the issues like dynamically change the class hierarchies and
automatically identify the inheritance relations. The solution to the first problem can be modeled as
a generalization of two abstracts which have a common parent. In this case, by checking the
homomorphism from the base abstract to the generated one, it is possible to ater the inheritance
relation by injecting the new abstract into the existing hierarchy. Similarly, the second issue can be
solved by checking isomorphism of the generalized abstract with one of the source abstracts. On the
grounds that both homomorphism and isomorphism checking algorithms are aware about the
attributes pairs which shal be compared, the complexity of these procedures is reduced to
polynomial time.

Section 4.4 talks about the problem of the evaluation of the usefulness of the generalized
meanings in the automated generalization procedures. It defines the utility of the meaning as its
relevance to the "winningness'. Section 4.5 discusses the approaches of generalizing multiple
meanings.

In the Section 4.6 is exposed the summary of Chapter 4.

Chapter 5 is devoted to the experiments of the regular acquisition of expert knowledge of
SSRGT problems as well as to the prospects of integrating the SSRGT Solver framework into the
OMD LLC for financid news analysis.

Section 5.1 describes the experiments of chess problem. Particularly it presents the detailed
acquisition procedures of certain important chess meanings ("Mate" etc.). In Section 5.2 the expert
knowledge forms of Intrusion Protection problem are presented. It is shown that they are either
goals or rules and are represented as production rules. The latter ones can be obviously described by
the abstracts' description Interface of the SSRGT Solver.

Section 5.3 is devoted to the experiments of acquisition Supply Chain Management (SCM)
problem knowledge into the Solver. Various nucleus abstracts describing the smallest components
of the TAC SCM (Trading Agent Competition) domain and their compositions as TAC object types
are developed. In the section we argue that generic terms using to form strategies like "action over
an object" can be specified by defining virtual actions with corresponding specifications for virtual
objects.

Section 5.4 describes the study of using the SSRGT package for regular acquisition of financial
news analyst expert's strategic knowledge via graphical interface. The research is aimed to develop a
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software to detect the units of relevant news from the vast sources of the financial news (Fig 6). The

solution is composed from three stages:

Raw Data Collection

1

1

—— Incoming Market Data
! Aberdeenfunds L Financial News

1| (NASDAQ: ALREX) today Archive of

! Financia

: News

! Collecting OneTick
! Engine .

: g Solutions

L B S e
g g
Textual Anaisis Data Product

Document
Preprocessing Engine

e — i

<EName>Aberde Encode into
enFunds</ENam i
A><Qumhnl>NA ] Numalc Form
ekt e \‘\\
Extracting Exper

A

N— 4
I Trading Engine

Decode into
Original

Fig 6. The design of the system analyzing financial news using SSRGT Solver and integrating them into the
News Data archive, which along with Tick Data collected by the OneTick solutions would be used by the
Trading strategy developers.

Expert knowledge acquisition,

Matching news to the acquired meanings,

Error anaysis.

In the first phase of the solution we distinguish and define the nucleus abstracts of the financial
news. These are represented as various abstracts describing different classes (*Company", "Person”,
"Money", "Date" etc.).

Next by combination of different nucleus abstracts more complex abstracts like: (a) Initia
Public Offering - a type of public offering where shares of stock in a company are sold to the
genera public; (b) Mergers - corporate finance and management dealing with the buying, selling,
dividing and combining of different companies and similar entities; (c) Stock Splits - increase the
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number of sharesin apublic company; (f) Spin-offs - type of corporate action where a company
"gplits off" sections of itself as a separate business and others are constructed.

The second phase of the solution includes building instances of different nucleus abstracts from
the news and matching them to the meanings defined by the SSRT Solver. To solve this problem we
used a two level classification of the news text. As a result defined type of classes are assigned to
different words and word phrases. Corresponding nucleus instances are built from the resulting
classified sentence (for each class attached to the given word or phrase a separate instances is built)
and the output is passed to the Solver in a form of numeric sentence (a group of instances). The
latter triggers the matching algorithm and activates the instances of the defined meanings. In the
next phase of the procedure the numeric sentences are trandated into the texts and passed to the
error checking block.

Although, the current implementation of the error checking assumes the intervention of the
expert it significantly reduces the amount of time spent to find and analyze the interesting news.

Section 5.5 presents the summary of the Chapter 5.

Main results of the work

1. The modules of SSRGT Solver for acquisition of communalized and personalized lexical units
are developed, specified by multiple level of nested attributes and polymorphic properties in
the framework of expert strategy knowledge acquisition [1].

2. A model and algorithms for presentation of SSRGT meanings by be-, have-, do language
categories and their evolvement are developed and implemented in an extended Java language
[2,4].

3. The techniques of matching situations to the meanings by iterative matching to sub-meanings
of meanings are developed and realized based on the pattern matching algorithms[3].

4. The agorithms based on combinative generalization approach for building new meanings and
new relations between them from the existing ones are developed and its effectiveness is
experimentally proved [4].

5. The problem of analysis of financial news in the "OMD" LLC is studied in frame of SSRGT
class for application of SSRGT Solver.

List of Publications

[1]  Khachatryan, K., Vahradyan, V., "Graphica Language Interpreter Unified for SSRGT
Problems and Relevant Complex Knowledge', CSIT11: Proceedings of International
Conference in Computer Science and Information Technologies, Yerevan 2011, pp. 178-
182.

18



[2] Khachatryan, K., Grigoryan, S., "Java Programs for Presentation and Acquisition of
Meanings in SSRGT Games', Proceedings of SEUA Annua conference, Yerevan 2013, pp
135-141.

[3] Khachatryan, K., Grigoryan, S., "Java Programs for Matching Situations to the Meanings of
SSRGT Games", Proceedings of SEUA Annual conference, Y erevan 2013, pp 127-135.

[4] Khachatryan, K., "A Combinative Approach to Generalization of Meanings', Transactions
of I1AP of the NAS of RA, Mathematical Problems of Computer Sciences, Y erevan 2013,
pp. 54-65.

Y. U. vugunnpyuiis

Zujunnnipjui pughpubpnid hnpdughnuljwi ghnbkihpubph puquikph
dtrunjnpmd b npuitg thnpdwh wignphpedtph dowlnid

uuonoeuarr

Zhnwgnuinipjutt tyuwunwlt b dowll) dpwgpuyhtt hwdwlwpg b wignphpdubp
owpwhniuwfuwb dhwynpubph hdwuwntbph bbpluyugdwb, hpwdhdwlubkphtt' nputg
hwdwywunwupwibkgdwy, husybu bwl' weljw hdwuwnbbphg tnp hdwuwnbbkph Jud
wnljw hpdwuwnitph vhol tnp hwpwpkpnipmnibitph jupnigdwt hwdwn:

Cwpwhmniuwluit dhwynpubph hdwuwntbph dnphjugnpdwi b dowldwb jaunhpp
hwnjuybu Ywplnpynud t hwdwguwignid  hpdwunughtt npnudwt dudwbwlulhg
htinwgnunipnibibpnid:

Sunpuwtt nppuinid wpwewwnwp pulbpnipniuittpp, husyhupp tu Google-p
Microsoft-p, mnwowplnid kt hdwuwnughtt npnidwt punuyiinudutp’ "Knowledge Graph" i
"Satory" hwulwljupgtnhp wnkupny:

Ujinthwinbpd, ptwui (kqquijut btwpuguunipnibibph pdwunibph pdppidwd,
hyybu twlb' wbqpkuhg pugh wy (kqniubpny hdwuwnuwghtt hunpdwb juunhpibpp
ptplu dund Bt hdwunwghtt npnudwt hwdwlupgbpnud® hpplt hEnwgnunwljut
dwpunwhpwybpubp:

Puuljut (kquljut twjuuguunipniuttph hdwunuyght pdppidwb jptughpp (nusdws
sk twl dbphtwjulut pupquuinipniitiph nppunud: UNL (Universal Networking
Language) twhiwghép, tkpunyw) dowlnidp hwjtpku kquh hwdwp, SOAR twjuwghép
(Uhshquuh hwdwjuwpwl) hwdwlwpghsutph UYnnuhg hdwunwhtt  pdpptdwl
htinwgnunipniibph wy) ophtiwlubkp Gl

E. Mnpnywih wohwnmpnitbpmd gnyg b owpyl], np Jupbnp b punupdwly
Upguyguyht  nuuph  jubnppubpp’ Ukpunjuy hwdwlupgsuyht gwbgkph
wupwnwwinipmnibp  ukpjunidnudutphg,  dpgulyguyhtt  dhpwduypnid  wpynibwgbn
dbuboubiph b dwppblphuquyhtt pwqUuupmpmnibtbbph dowldwb  futghpp,
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swhidwinwbdwl §ndphttwnnp punghputpp, mwpwnbuwly hwpdwlnudutphg nwqulut
dhwynpubph  wwonyuwimpinitip, hwoynnuljut  gonpépupwugubpnd  shnnudubph
hwyntwpbpnidt nt wy) jpughpubp pipdnud B jnusnudubiph puqunipniip Jepupuwunptih
hmunujht dwnh dhengny ubkpyuyugynn nuuh (SSRGT) uwnwinupwn dhgnijujhtt K
huugph: K - dbpnpupwinipjui juplnpnipniith wyin k, np SSRGT nuuh wnwbdht
huughpubpnud dknpphpnidubtpp puquuyunlynud G

Pluwunwjupmpub pupnnipjut yuwwndwnny b wpwybjugny wpynibwybnnp-
jutt hwubknt tywnwyny, dkup YEtnpnuwgunud up dkp hbnwgnunipniatpp SSRGT
nuunid b phnpnud swhidwnp' nputu dhgnijuyht painhp:

U.zlummmhph yuunuljukpp
Cunquyk] SSRGT nuuh Ywuwjwlwb finph  thnpdwghnwlut  qhwinbjhputph
Awynpdwi b phjupdwi gqpuhjuljuit (kqyph htnbpyptnwnnpp b hunbpdtjup:
Qtinp phipdws hdwuwnbkph thpjuyugdwi b gnpéwsdw hwdwp hwhwgst] b dowlty
Spwgpuyhtt hwdwlung:
Upwlt) hpwyhdwlubkpt hdwunbphtt hwdwywinwuppwikgdwb wignphpdubp:
Uowlt hwdwlgulu wignphpdutp wnlw hdwuwnbbkphg tnp hdwunubph jud
wnlju hdwuwntbph vholi tnp Juwybph Jurnigdwt hwdwnp:

Shunwljub inpnypp

1.  @npdwughwnnwlut ghnbkihputph dbnppbpdwt SSRGT Solver Spwgpuyhtt hwdwlwp-
gnud  dowldly Eu puquuidwlupnuly ubkpypdus  wwnphpninbbp b puquwdl
(polymorphic) hwinljmpiniitipn niibignn épuqpuyhtt dhwynpubp® hwnnpnulgybih b
widbwynpyus pwpwhjniuwlui dhwynpubph tbpjuyugdwi hwdwp [1]:

2.  Ppuwlwbwggl] tu wgnphpdutp b dpwgpkp SSRGT |juughpubtph hdwuwnbbkph
ubpuyugdwi b qupgugldwi hwdwp' hhduqus 1kquh owpwhniunipjui "|huk)-,
niuktwy-, wuky" (be-, have-, do) Unnkih Ypw [2, 4]:

3. Upwlyt) b hpwgnpdyty Eu hpughdwlubpt pdwunbphtt hwdwywnwuwbtgdw
wgnphpdutp’ hhdtws tupwhdwunitph hnkpunhy hwdwywnuupwikgdwt b
uwhdwtwhwlnidubph paudupupdui dkpagubph ypuw (2, 3]:

4. Upwlyt) b hpwgnpddl) ki wnlw hdwunibphg tnp hdwuntbph juopnigdw
wgnphpdutp’ hhutdws hudulguljuh puinhwipugdw dninkgdwt Ypw [4]

Ghpuwpwlwb hywbwlhnipimup

1. Opugpuyhtt thwpkpp Yuwpnn b Yhpwundl] SSRGT hunhpubph thnpdwghunwljwi
hwnnpnuljgytih b wbdbwynpqus ghwbjhputph punuygphsitph  dbwynpdw,
puupdwi U hwdwywwuwuppwt  hpuwhduljubpnd gpubg  hwynbwpbpdwui
bywinwny:

2. SSRGT Solver spwqpuyhtt hwdwlupgp wbnuppdl; b Zujwunwih wdbphljjub
hwdwjuwpuwinid b 2z QUU PUMP -nud’ Yppuwlwi U hEknwgnunulub

20



bywwnwlutpny, ptywbu bwh "O B h" UNC-mud dhtwbuwlub inpmipiniuttph
JEpnidnipiut hudwn:

3.  Pdwuwnbbph tbpjuyugdwb "hubk)-, ntbbbw)-, wik" doghp dunwignd £ opjkljnn
Ynnuunpnoqusé (OU) ubpuyugdws hwnlnipniiubpp b dhwdwdwiwl wwyuwhnynid
dudwtmljuyjhg OY (hgniubkph Yndwppwunnpubph b hunbkpypiwnwnnpubph
wijuwwnwpnipniubtph hugpwhwpdwb jpugnighs hwnlnipniutbp:

K. C. Xagarpan

Paspa6oTka aJITOpUTMOB ¥ IIPOrpaMM A1 OPMHPOBAHMU M MOMCKA B 6asax 3HAHMH
TIpoGJieM ITPOTHBOAEHCTRBIA ¥ KOHKYPEHIINH
PE3IOME

Llenro nccaesoBaHUA ABIAETCA Pa3paboTKa IPOrPaMMHOTO OOeCIIeYe U U aJITOPUTMOB JJIT
IIpeZCTaBIeHUA CMbICIa CHHTaKCUYeCKUX eJUHUI, COIIOCTaBIeHUe CUTYaIlil 5TUM CMBICIAM, a
TaK JKe BBIABJIEHHE CMBICJIA M3 YK€ JOCTYIHBIX 3HAYeHMI CHHTAaKCHMYECKMX eJUHUI] U
IIOCTPOEHME HOBBIX OTHOIIEHUH MEXIY YK€ JOCTYIIHBIMH.

IIpo6eme MomenupOBaHMA M OOPAGOTKM 3HAUEHHUH JIEKCUYECKUX eIMHUI, IPUJAeTCT
oco6oe 3HaYeHMe TIPU CEMaHTUIEeCKOM ITOKCKe B IHTepHerTe.

ITouckossle ruranTsl, kak Google u Microsoft mpezaaralor ceMaHTHYeCKHe PaCIIHMPEHUS
I IIOMCKOBBIX cucreM B Buge Knowledge Graph u Satory.

OpHaxo, mpoGeMsl MOHMMAaHUA CMBICJIOB IPEJIOXEHUI eCTeCTBEHHOTO fA3BIKA, a TaKXKe
IOJIePXKKa CeMAHTHYeCKOro IIOMCKAa B A3BIKAX OTAMYHBIX OT AHIJIMHCKOTO, 0 CHUX IIOp
SIBJIAIOTCA 33la9aMy HCCIef0BaHUI B chepe BeG-TIOMCKA.

ITpo6yeMa MOHMMaHUA CMBICIIA TIPEJIOKEHNI €CTECTBEHHOTO A3BIKA J0 CHX IIOp He pelleHa
¥ AJd MalIMHHOTO IepeBoja. JlpyruMmu mpruMepaMu TaKUX HCCIeJOBAHHE ABIAIOTCA IIPOEKT
UNL (Universal Networking Language) ¢ ee mpoexuueit A apMAHCKOro f3b1Ka U mpoekT SOAR
B MuuuraHckoM YHHUBepCUTETe.

B pa6otax IlorocsHa mokasaHo, 4TO Ba)KHBIH M UIMPOKUI KJIACC 3a7a4 IIPOTUBOAEICTBUA U
KOHKYDEHIIMH, BKJIOYasd 3allMTy KOMIBIOTEDHBIX CeTell OT BTOPXKeHMI, OITHMasbHbIN
MeHe/[)KMeHT B KOHKYPeHTHOH cpefie, 3al[uTa OGBEKTOB OT aTak, Ipo6ieMa OOHapy>KeHU:
aHOMAJIMH B BRIYMCIMTEIBHBIX IIPOIECCaX U.T.J., CBOAATCA APYT K Apyry. MHOXeCTBO pelreHui
aToro kiacca 3agad SSRGT MOXHO IpeACTaBUTH B BUZE PEIIPOLYLHPYEMOrO HTPOBOTO ZI€PeBa, a
HCCJIeJOBAaHUA JJIA KJIacCa MOXHO COCPEZOTOYUTH JJI OJHON M3 HHUX PacIPOCTPaHUB 3aTeM
yCIIeNTHbIe Pe3y/IbTaThl Ha BeCh KJIacc.

C mesmpio THOMydYeHMS KOHCTPYKTHBHBIX Pe3yJIbTaTOB HAIIM MCCIeZOBAHUA IPOOJIEMEI

OIIepHPOBaHUA CMBICIaMU IIPOBOJATCA I Ipoekuuu mpobiaems! B kxacc SSRGT, B To Bpems
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KaK 9KCIEPUMEHTSHI II0 IOATBEP)KAEHIIO YTBEPXK/AeHU IIPOBeeHb IJIA IIPeACTAaBUTENs KIacca
SSRGT - maxwmar.

Ilens pa6oTsr

Pacmupenue wunreprmperaropa u wuHTepdeiica TpaduuecKOro s3bIKa, AJIA IHIOIAEPKKH
dbopmupoBaHus, TPHOOPETEHUS U HUCIIOIB30BAHUA CTPATErMYeCKUX 3HAHUM IIPOU3BOIBHBIX
mpo6iaem Ka1acca SSRGT.

ITpoexTHpoBaHue ¥ pa3paboOTKa MakKeTa IPOIPAMMHOTO O0ecIedeH s AJIA yCBOEHHS HOBBIX
CMBICJIOB U YIIPaBJIeHHA IPUOGPETEHHBIMHU.

Paspa6oTka aIropuT™MOB A1 KJIACCHPUKAIIUY CUTYaLUH II0 UX CMBICJIAM.

PaspaGoTka ajirOpuTMOB IIOCTPOEHMS HOBBIX CMBICIIOB ¥ BBISBJIEHUS OTHOLIEHUN MEXIY

yKe CyIeCTBYIOIVIMH.

Hayynas HoBM3HA

1.

Paspa6oTansl MoAyIM IpHOGpeTeHMS KOMMYHHUIIMPOBAHHBIX U II€PCOHAIM3MPOBAHHBIX
crpareruit makera SSRGT Solver ¢ BO3MOXXHOCTAME IOJEMOP(U3MA U MHOXECTBEHHOCTH
YpOBHe# BIOXXeHHBIX aTpubyT [1].

PaspaGoTansl CTpyKTypsl IpezcraBieHus cmbicioB SSRGT mpo6iem, ocHOBaHHBIE Ha
VUHTepIpeTaMyd Y PAaCUIMPeHUMH CTPYKTyp abcTpakTHbIX KiaaccoB OO  g3bIKOB
CHUHTaKTHYECKMMU KaTeropusmu ri1aroios berrs-, Umers-, Jlenars (Be-Have-Do) [2, 4].
PaspaGoTanbl aJIrOpUTMBI M IPOTPaMMBI CMBICJIOBOH KJIaCCUGHKALUK CHUTYallHi,
OCHOBaHHBIE HA WTEPAaTUBHOM COIIOCTAaBJIEHUH CHUTyallU#i SJeMeHTaM /[JeKOMIIO3HIIUU
CMBICJIOB U y/JOBI€TBOPEHUH 3aJaHHBIX OTpaHU4eHui [3].

PazpaboTaHbl ajropuTMBI M IIPOrpaMMbl OOOOIIEHMS CMBICIOB ITOCPELCTBOM aHANIM3a M

KOMITOSHMI[UH U3 yKe CyIIecTBYomux [4].

HPBKTI/I‘IECKBJI 3HAYNMOCTh

5.

TTaxer Solver HaxoAuT MpuMeHeHeHNE B MPUOOPETEHNN 3HAHWM U BBISBIEHUS CMBICIOB
curyanuii SSRGT mpo6Giem.

ITaxet Solver ycramnosien B AYA u 8 MHcTUTYTe mpo6ieM HHGOPMATUKY M aBTOMATH3AINN
HAH PA B o6pa3oBaTenpHBIX U HCCIeNOBATENIbCKUX Lesix, a Tak xe B "OMD" OO0 mis
aHasn3a pUHAHCOBBIX HOBOCTEH.

Mogens Bsits-, ViMeTs-, [lenaTs mpezcraBieHus cMbICIOB HacaenyeT cBoiicTBa OO A3BIKOB
OLHOBpDEMEHHO  IIPEOJOeBas  HEKOTOpble  HECOBEpLUIEHCTBA  KOMIMJIATOPOB U

HMHTePIIPeTaTOPOB COBPEMEHHBIX STUX A3BIKOB.
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