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MOIEJHUPOBAHUE KOMIIBIOTEPHOI'O TEXHHYECKOI'O A3bBIKA
C IIOMOIIbIO TPA®UKOB CBOUCTB

JI. P. Cakaesa, Knezep /lecnaiine 3.

ecleger@uci.cu
dekleger@stud.kpfu.ru

Ka3zanckuii (Ilpueonxncckuil) ghedepanvhutit ynueepcumem, 2. Kazanws, Poccus
Yuusepcumem ungpopmayuonnsix nayx, 2. I'aeana, Kyoa

AnHoTanus. IlepepaboTka €CTECTBEHHOrO S3bIKa CTaja OJHOW M3 OCHOBHBIX MpoOJeM
B MH(OpMallMOHHOM oOMeHe. bbicTpoe pa3BUTHE KOMIIBIOTEPOB TIO3BOJMIIO PEATU30BaTh
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MHOXECTBO HJCH JIs PEemICHHs MPOoOIeM, KOTOPhIE HEBO3MOKHO OBUIO Jake MPEICTaBUThH ceOe
ABTOMATUYECKH, KOTJa TIOSBUIIMCh TIEpBBbIE KOMIBIOTEpHl. MHTemnekTyanpHas oOpaboTka
€CTECTBEHHOI'0 fA3bIKa OCHOBAaHAa HAa HAyKe, Ha3bIBAEMON BBIYMCIUTEIBHON JIMHIBUCTHKOM.
BrrunciurenbHas JIMHTBUCTUKA TECHO CBSI3aHA C IMPUKJIAAHON JIMHTBUCTUKOW WM JIMHI'BUCTHKOMN
B I[e7IoM. B Hacrosiiiiee BpeMsi MCClieZioBaTeNieii B OCHOBHOM HHTepecyeT (hopMaabHOE ONHMCAHUE
SI3bIKA, UMEIOIIEr0 OTHOIIEHWE K aBTOMAaTHYECKONH 00pabOTKe pedH, a HE YUCTO alTOPUTMHUUCCKHUE
Borpockl. [lo 3Toi npuuKrHE B TAaHHOW CTaThe MbI MIPEACTABIIAEM MMPUMEDP TOr0, KaK MOJECIMPOBAThH
KOMITBIOTEPHBI TEXHHYECKHH S3BIK C IOMOINBIO T'PaUKOB CBOWCTB, a TakKXe OIHUCHIBaCM
HEKOTOPBIE OCOOCHHOCTH TpauKOB CBOWCTB ¢ MOMOIIBI0 0a3bl JaHHBIX Neo4J. M3ioxeHsbl
MPEUMYIIECTBA UCIOJIL30BaHUS TPAPUKOB CBOWCTB [JII MOJACIUPOBAHUS KOMIIBIOTEPHOTO
TEXHUYECKOTO si3bika. HakoHel, Mbl BHIOpANK AT CBOMCTB SI3bIKA JJIsl IPEJICTABIICHUS] B MOJIEIIH:
doHosorust, MOp(HOIOTHsI, CHHTAKCUC, CEMAHTUKA U TIparMaTHKa.

KiroueBble ¢JIOBAa: JUHTBUCTHKA, MOJCIUPOBAHUE, KOMIIBIOTEPHBIN SI3bIK, TpauKu
CBOMCTB.

Jasa  uurupoBanusi: CakaeBa JI.P., Kuerep [lecmaitne 3. MoaenupoBaHue
KOMIIBIOTEPHOTO TEXHUYECKOTO s3bIKa C IOMOIIbI TpadukoB cBokcTB // Kazanckuit
nuHrBUCTHYeCcKUi xkypHai. 2019, tom 1, Ne 4 (4). C. 41-51.

MODELING COMPUTER TECHNICAL LANGUAGE BY MEANS
OF PROPERTY GRAPHS

L.R. Sakaeva, Cleger Despaigne E.
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dekleger@stud.kpfu.ru

Kazan Federal University, Kazan, Russia
University of Informatics Sciences, Havana, Cuba

Abstract. The processing of natural language has become one of the main problems
in information exchange. The rapid development of computers has made possible
the implementation of many ideas to solve the problems that one could not even imagine being
solved automatically, when the first computers appeared. Intelligent natural language processing is
based on the science called computational linguistics. Computational linguistics is closely
connected with applied linguistics and linguistics in general. Currently, the researchers are mainly
interested in the formal description of language relevant to automatic language processing, rather
than in purely algorithmic issues. For this reason, in this paper, we present an example about how
to model computer technical language by means property graphs, and also describes some features
of property graphs using Neo4J database. We state the advantages of property graphs use
for modeling computer technical language. Finally, we selected five language properties
to represent in the model: Phonology, morphology, syntax, semantics, and pragmatics.
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The structure of our knowledge is so closely entwined with the structure of our
language that it may seem foolhardy to try to disentangle them. Yet it is necessary
to do so in order to make some assessment of the consequences of using language,
especially the language of literate prose, as the predominant means of instruction
in the schools. It is clear that knowledge may be acquired through a variety of means:
private experience, observation of a model, or explicit instruction [1, p.328].

Saussure's Course in General Linguistics, published posthumously in 1916,
stressed examining language as a static system of interconnected units. He is thus
known as a father of modern linguistics for bringing about the shift from diachronic
(historical) to synchronic (non-historical) analysis, as well as for introducing several
basic dimensions of semiotic analysis that are still important today.

This means that language structure can’t be conceived atomistically, that
IS: its elements (the signs) can be separated one from each other’s. By this reason
the structuralists defend the holistic perspective, that is: the idea that properties from
a system can’'t be determined orexplained from its isolated components.
Thus, language structure is based both: on the differential relationship between terms
and the fact that these terms cannot be understood without considering their
Interconnection [2, p.141].

Thus, the processing of natural language has become one of the main problems
in information exchange. The rapid development of computers has made possible
the implementation of many ideas to solve the problems that one could not even
imagine being solved automatically, when the first computers appeared.

Intelligent natural language processing is based on the science called
computational linguistics. Computational linguistics is closely connected with applied
linguistics and linguistics in general. Therefore, we shall first outline shortly

linguistics as a science belonging to the humanities.
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Computational linguistics might be considered as a synonym of automatic
processing of natural language, since the main task of computational linguistics is just
the construction of computer programs to process words and texts in natural
language.

But today “more linguistic than computational,” for the following reason:
The researchers are mainly interested in the formal description of language relevant
to automatic language processing, rather than in purely algorithmic issues.
The algorithms, the corresponding programs, and the programming technologies can
vary, while the basic linguistic principles and methods of their description are much
more stable [3, p.25].

Linguistics

Contrastive
linguistics

~— Mathe-
matical
linguistics

ycho]og_\

Figure 1. Structure of linguistic science [3, p.17]

Psycholinguistics

In this paper we present an example modeling computer technical language
by means property graphs, and also describes some features of property graphs using
Neo4J) database. Inthe last decade, property graph databases such as Neo4j,
JanusGraph and Sparksee have become more widespread in industry and academia.
They have been used in multiple domains, such as master data and knowledge

management, recommendation engines, fraud detection, IT operations and network
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management, authorization and access control, bioinformatics, social networks,
software system analysis, and in investigative journalism. Using graph databases
to manage graph-structured data confers many benefits such as explicit support
for modeling graph data, native indexing and storage for fast graph traversal
operations, built-in support for graph algorithms (e.g., Page Rank, subgraph matching
and so on), and the provision of graph languages, allowing users to express complex
pattern-matching operations [4, p.1434].
» The advantages of property graphs use for modeling computer technical
language

A graph structure means that we will be using vertices and edges (or nodes
and relationships, as we prefer to call these elements) to store data in a persistent

manner. As a consequence, the graph structure enables us to [5, p.34]:

e Represent data in a much more natural way, without some of the distortions
of the relational data model.
e Apply various types of graph algorithms on these structures.

The property graph model is optimized for:

e Directed graphs: The links between nodes (also known as the relationships)
have a direction.

e Multirelational graphs: There can be multiple relationships between two
nodes that are the same. These relationships, as we will see later, will be clearly
distinct and of a different type. This feature is important for representing the
relationships between words.

e Storing key-value pairs as the properties of the nodes and relationships.

e Walk on its nodes and relationships and hop from one node to the next
by following the explicit pointers that connect the nodes. This capability—sometimes
also referred to as index free adjacency, which essentially means that you can find
adjacent/neighboring nodes without having to do an index lookup.
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{name: valuel} @ {lengthalue3) > @ {name: value2}

P
GO

. o.r,;/

{capacity: valueé}
{length: value7}

{name: value5}

Figure 2. An example of a simple property graph [5, p.35]

Some Neo4J architecture advantages [6, p.83]:

e The node store is a fixed size record store where each record is 9 bytes
in length. Fixed record sizes enable fast lookups for nodes within the store file —
if we have a node with id 100 then we know its record begins 900 bytes into the file
and so the database can directly compute the record location at cost O(1) without
performing a search at cost O(log n).

e The relationship store contains fixed-size (in this case 33 bytes) records
and each record contains the id of the nodes at the start and end of each relationship,
a pointed to the relationship type (stored in the relationship type store) and pointers
for the relationship chains for the start and end node (as a doubly linked list) since
a relationships logically belongs to both nodes and therefore should appear in the list
of both nodes’ relationships.

Was performed by the author in [7, p.15] an experiment to establish
the relationships between used model for data management and representation
and its computational cost. Was analyzer also if the amount of data influenced
the response times. It was evidence that using graph-oriented database reduces

temporary complexity in sceneries of large volumes of data.

Language Properties for modeling
As far as general linguistics is concerned, its most important parts are the following
[3, p.17]:
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e Phonology deals with sounds composing speech, with all their similarities
and differences permitting to form and distinguish words.

e Morphology deals with the inner structure of individual words and the laws
concerning the formation of new words from pieces - morphs.

e Syntax considers structures of sentences and the ways individual words
are connected within them.

e Semantics and pragmatics are closely related. Semantics deals with
the meaning of individual words and entire texts, and pragmatics studies
the motivations of people to produce specific sentences or texts in a specific situation.

We selected five language properties to represent in the model, there exist

others properties, but we are interested in those mentioned above.

Proposed model by means of property graphs.
We already have the corresponding technology for modeling, and we define
which language properties will be represented in our property graph. In the following

figure we may see the structure our model.

phonology
morphology
semantics

syntax
semantics
pragmatics

syntax Properties of the
semantics nodes and
pragmatics relationships

syntax
semantics
pragmatics

phonology
morphology
semantics

phonology
morphology
semantics

Word
Relationships \ 2
D
Node syntax
semantics
pragmatics

Figure 3. Model using property graphs

Each word exists independently and is represented in the graph by means

of nodes. The relationships between words can be simple or complex (when you
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extend more than one type of relationship between words). To each "word" node
Is added the properties: phonology, morphology and Semantics. In the same way each
relation represents the properties: syntax, semantics and pragmatics. Relationships
also have a label whose name represents the relationship type between nodes
"words". Table 1 describes attributes and relationships of representing above model.
From the previous model and the description of its components, an example
Is presented with the term "client-server model"”. This term is composed of three
words: model, client and server. The proposed graph-oriented model describes
the existing relations between the words that constitute the term and the five
properties of the language selected by the authors of this work. Node 01 "Model",
node 02 "Client" and node 03 "Server" are presented. In addition, the relationship
Type and the Join, about the latter is important to know that it aims to indicate that
both words must be combined in the conformation of the term and its structure

includes an intermediate dash.

Table 1
NODES, RELATIONSHIPS AND ATTRIBUTES OF PROPOSED
GRAPH-BASED MODEL

NODE ATTRIBUTE DESCRIPTION
word_Id Numeric word identifier
audio file with sounds for distinguishing
phonology words.
d . . .
wor moroholo Character string with the inner structure
phology of individual words and morphs.
semantics Character string with the word meaning.
relationship_Id Numeric relationship identifier
Character string with relationship
syntax structure and the way each word is
_ _ connected.
relationship
. Character string with the relationship
semantics :
meaning
ragmatics Character string with the motivations
prag to create relationships between words.

KasaHCKMIM IMHIBUCTUYECKNIA KypHan, 2018, Tom 1, No 4 (4)



49

Id: 01

Phonology: audio file (mp3, wav...)
Morphology: (+orth, + sem) Modeling
Semantics: physical representation...

Syntax: node 01 + Server (03)
Semantics: model type
Pragmatics: computer or
software architecture

R\ *“\ﬁ/

g

e

Server

Figure 4. Example of the model using property graphs

If we observe the morphological property, we shall that the noun model can
become in verb and share both a similar orthography and a related semantics
(Modeling). From the semantic property, we can know the meaning or meanings
of the word. The syntax property located in the relations between nodes, will indicate
us the form in which the words are related to both ends of the relation (node 01 +
node 03). The semantic property of the relation expresses the meaning of the label
that names the relation between both nodes (model type). The pragmatic property
gives us the contexts in which the term can be used (computer or software
architecture).

To conclude, we’'d like to underline that this approach for representing
computers technical language by means of property graphs, provides a didactic tool
for acquiring knowledge in the linguistic field.

In term of information technologies, this work becomes another way for data

management optimization in systems related to computational linguistics.
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