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V]IK 81
MPUHIMIIBI PE3IOMUAPOBAHUSA BOJIBIINX OFLEMOB JAHHBIX:
OCOBEHHOCTHU OTBOPA SI3BIKOBBIX CPEJICTB

JI.P. Cakaesa, K.P. Poopuzec
charlyr98@gmail.com

Kazanckuu (Ilpusonscckuit) pedepanvhsiii ynueepcumem, 2. Kazano, Poccus

Yuueepcumem ungpopmayuonnvix nayx, 2. I'asana, Kyoa

Annoranus. EcTecTBEHHBIN S3BIK SBISIETCS OCHOBHBIM CIIOCOOOM 4YeJIOBEKA I OOIIEHUS
Y IOHUMaHUs  SABJICEHMM U TIPOIECCOB.  YCKOPEHHOE  BHEAPEHHE  HMH(POPMAIIMOHHBIX
Y KOMMYHUKAIIMOHHBIX ~ TEXHOJNOTHH BO Bce cdeppl IKU3HU  OOIIECTBA  CIIOCOOCTBYET
dbopMUpOBaHHUIO OOJBIIMX OOBEMOB JAHHBIX, COJAEPHKAIIUX CIIOBA, KOABI, CUMBOIBI M IUQPHL.
OpHako TIepBOHAYAllbHO JUIIL HEOOMbINas dYacTb JTHUX JAaHHBIX MOXET OBITh TOHSTa
Y UCIOJIb30BaHa Jt0AbMH. CyIIECTBYIOT BBIYUCIUTEIbHBIE METO/bI, KOTOPbHIE, UCIIONb3YSI METO/bI
MSITKHX BBIYHCIICHUN U €CTECTBEHHBIN S3bIK, CTPOSIT PE3IOME B BUE MPEITI0KEHUN, OMUCHIBAIOIINX
Oonpiue 00bEeMBbI JaHHBIX. Llenpl0 MaHHOW paboThl SIBISETCS KpaTKOE OMHCaHUE METOoja,
WCMOJIb3YEMOTO MPH TMOCTPOECHUHM JIMHITBUCTHYECKUX PE3IOME, C aKIEHTOM Ha MCIOJIb30BaHUU
€CTECTBEHHOTO S3bIKa ISl TPEJOCTABJICHHUS Ba)XXHOW W TMOJHOW WH(Opmamuu o maHHBIX. Bo-
MEPBBIX, IPEICTABICH 00NN 0030p JTUHTBUCTHUYECKOTO PE3IOMHPOBAHUS. 3aTeM aHAIU3UPYIOTCS
JBa TIpEMepa MPUMEHEHHs] 3TOT0 METoJa K pa3lnyHbiM 0azaM JaHHBIX. B o0oux ciydasx
MOJyYaTCd KOPOTKHE IMPEIJIOKEHUS HA E€CTECTBEHHOM SI3bIKE, COAEpPKAIIME CYMMHPOBAHHYIO
nH()OPMALIHIO o MaHHBIX. Bo BTOpoM mpumepe OeHedulmapbl  MOKa3ald  HMHIEKC
yIOBJIETBOPEHHOCTH IO JIOTHYECKOM cxeme SnoBa Ha ypoBHe 0,7.
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PRINCIPLES OF SUMMARIZATION OF LARGE AMOUNTS OF DATA:
FEATURES SELECTION OF LANGUAGE MEANS
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Abstract. Natural language is the main resource of people to communicate and understand
phenomena and processes. The accelerated introduction of information and communication
technologies in all fields of society promotes the generation of large data volumes which contains
words, codes, symbols, and numbers. However, originally only a small part of this data can
be understood and used by people. There are computational approaches that, using soft computing
techniques and natural language, construct summaries in form of sentences which describe large
volumes of data. The purpose of this paper is to briefly describe a method used in linguistic
summaries construction, emphasizing the wuse of natural language to offer relevant
and comprehensive information about data. First, a background on the linguistic summarization
of data is presented. Then two examples of the application of this technique to different databases
are analyzed. In both cases, short sentences in natural language are obtained that offer summarized
information about the data. In the second example, the beneficiaries showed a satisfaction index
of 0.7 according to ladov's logical framework.

Keywords: large data volumes, linguistic data summarization, natural language, word.

For citation: Sakaeva L.R., Rodriguez C.R. The use of words in linguistic summarization
of large data volumes. Kazan Linguistic Journal. 2019; 2 (1): 62—75.

People communicate essentially using oral and written language. This could
be interpreted in general terms as people communicate preferably using words.
But not only with words do people communicate. In most of daily life processes

(in economics, politics, science, health, education, etc.) they are also used acronyms,

codes, symbols, and many numerical data.

KasaHCKUI NIMHIBUCTUYECKMI KypHan, 2019, Tom 2, Ne 1


mailto:charlyr98@gmail.com

64

The accelerated introduction of information and communication technologies
inall fields of contemporary society has led to the generation of large volumes
of data. These data are stored in the technological infrastructures of the organizations
that generate them or in those of the global consortiums of telecommunications
services (AT & T, Google, Sprint, etc.). In 2007, several consulting companies
and software evaluators released a list of the largest databases to date. The biggest
database among non-telecommunication organizations is the database of the World
Climate Data Center with 220 terabytes (TB). In the field of telecommunications
companies, the first place is for AT & T with 323 TB. One TB equals 1024 gigabytes
(GB).

At the organizational level, these data volumes are very invaluable assets
for their owners. However, only a small part of this data is originally able
to be understood and used by people. Some of its reasons are the following:

- its volume, i.e., the number of records and attributes of those records,

- its type that can be numerical, ordinal, nominal,

- the existence of missing values, i.e., some records have missing values
of some of their attributes,

- the ambiguity, this is presented in several ways, for example, to use
indistinctly the words: tall, large, slender, to indicate that a person is high.

Some researchers name this situation as "rich data, poor information™
phenomenon. This condition is a loss of opportunity for organizations because the
correct interpretation of these data is an ability that affects the decision-making
process and selection strategies.

There are computational approaches that, using soft computing techniques and
natural language, construct summaries in form of sentences which describe large
volumes of data. These approaches are based on the fact that words are the main
resource of people to communicate and understand phenomena and processes.
It is an active research topic in the scientific community. It has been developed
and derived in many different areas such as Linguistic Data Summarization

and Linguistic Data Description. A recent it be merged with big data. A new study
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[1, p.165] returned the following results (see Table 1) about the presence of the topic
"Linguistic Data Summarization" in scientific publications during the last five years.
Table 1
Presence of the topic "Linguistic Data Summarization" in scientific publications

during the last five years

"Linguistic Data | IEEE | Thomson | Google | Semantic | SCOPUS | Library | Microsoft
Summarization" Routers | Scholar | Scholar Genesis | Academic
Last 5 years 62 45 22 7 5 2 1

The objective of this paper is to briefly describe an approach to construct
linguistic summaries from databases, emphasizing the use of natural language to offer
relevant and comprehensive information about the data.

Linguistic data summarization (background)

Initially, it is necessary to present two definitions that will help to understand
this technique.

Knowledge Discovery in Databases (KDD) is a non-trivial process
of identifying valid, novel, potentially useful, and ultimately understandable structure
in data [2, p.33].

The idea of linguistic summaries is to enable the summarization of a collection
of data using linguistic terms and thereby making the information provided more
comprehensible. Furthermore, the focus of these summaries should involve terms
and ideas that are relevant to the goals and objectives of the recipient of the summary
[3, p.273].

Linguistic Data Summarization (LDS) is considered a KDD approach to extract
patterns from information stored in databases. LDS allows capturing and briefly
describe the trends and characteristics that appear in a data set. Its use is especially
feasible because it provides summaries that are not as concise as the average, median,
variance, etc. and allows the processing of numerical data or not.

One of the most extensive approach to LDS is based on fuzzy logic. Fuzzy
logic allows to manage the uncertainty about the degree of membership of a value

to more than one class. These classes are associated with a linguistic term and are

KasaHCKUI NIMHIBUCTUYECKMI KypHan, 2019, Tom 2, Ne 1



66
modeled by fuzzy sets. A fuzzy set has a membership function in a specified interval.
The use of several fuzzy sets to model the behavior of an attribute is called linguistic
variable (see Fig 1, it is linguistic variable “age”).

A linguistic summary like this approach can have the following structure:

QBER’sare S

Where:
S is the summarizer (it is a linguistic expression that determines a subset of objects
within the database, is the focus of the summary, the task is to determine how many
objects that fit the rest of the sentence satisfy him).
Q is a quantifier (a linguistic term that indicates data range -the quantity- that satisfy
S).
R is the family of objects that are analyzed (the records in database).

is a qualifier (a linguistic expression that determines a subset of objects within
the database, is optional, can use as many as needed show details).
For example:

“Most of workers are adults”

The main characteristic of this formulation is that the summarizer and
quantifier are expressed in linguistic terms. Using fuzzy sets these linguistic terms are
provided with a formal semantic. The qualifiers can be nominal or represented
by fuzzy sets. One advantage of the use of linguistic summaries is that they provide
statements about the dataset in terms that a very easy for people to comprehend.
These summaries have a final component that is the degree of validity
of the proposition. It takes values between [0,1]. But due to its computational
character we will not abound in its calculation form.

The process of constructing linguistic summaries consists of several steps that
include from the selection of the data to be processed to the interpretation
of the results. Although there are different methodologies for this, a common
framework can be identified. Next, the activities of this framework are presented

without discussing their computational peculiarities.
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Selection of the data set: As its name suggests, it consists in establishing data
which will be worked. This decision will depend on the specific interests that
motivate the analysis and the real availability of data.

Pre-processing of data: It consists of making a first treatment
of the completeness and ambiguity of the data. Techniques can be used to try
with incorrect and missing data.

Transformation and reduction of data: The data is modified to make it more
useful. This activity may include the change of continuous data into discrete data
using fuzzy sets. Here the words begin to participate since the linguistic terms
associated with each fuzzy set must be properly defined. Also, the data
can be integrated, restructured, etc. Some techniques can use to determine the most
relevant attributes and thus reduce the size of the database.

Data Mining (Linguistic Data Summarization): At this point, the data
is ready to be mined. Therefore, the linguistic expressions that will be used
for the summarizers, the quantifiers, and the qualifiers must be defined.

Examples of these elements can be:

- Summarizes and qualifiers: for attribute age (“child”, “adolescent”,
“young”, “adult”).

- Quantifiers: “around 5” (relative quantifier), “most” (absolute quantifier).

After these elements are defined, the computational algorithms that analyze
the entire database and build all the possible summaries are developed. In this phase,
an initial value of validity of each summary is also calculated.

In Transformation and Data Mining steps, the use of words has a very
important role. Because it is here where all components of linguistics summaries
are determined.

Interpretation / evaluation of extracted knowledge: Finally, other quality
measures of the summaries are calculated (the degree of imprecision, the degree
of coverage, the degree of appropriateness, length of the summary). With them,
the users according to their specific interests determine the definitive validity of each

summary. Once the summaries are evaluated, they can be used for decision making.
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Application examples

Now we will see two applications of this technique to summarize two different
databases. The first example was taken from the work of some of the most prestigious
authors on the subject of Linguistic summarization. The second example was taken
from a research report developed by the author in 2017.

Example 1: Sales in a computer store (taken from [4, pp.298-300])
A database of sales of a computer equipment and accessories store is used,

whose basic structure is the Table 2. Initially, the authors discover interesting
relationships between commission and types of goods sold (see Table 3). Then they
found the relationships between the groups of products and the date of sales (see
Table 4). In the second case, the summaries represent less obvious relationships than

those found before.

Table 2
Basic structure of the database example 1.
Attribute name Attribute type | Description
Date Date Date of sale
Time Time Time of sale transaction
Name Text Name of the product
Amount (number) Numeric Number of products sold in the transaction
Price Numeric Unit price
Commission Numeric Commission (in %) on sale
Value Numeric Value = amount (number) X price; of the product
Discount Numeric Discount (in %) for transaction
Group Text Product group to which the product belongs
Transaction value Numeric Value of the whole transaction
Total sale to customer | Numeric Total value of sales to the customer in fiscal year
Purchasing frequency | Numeric Number of purchases by customer in fiscal year
Town Text Town where the customer lives
Table 3

Relations between the group of products and commission

Summary

About 1/2 of sales of network elements is with a high commission
About 1/2 of sales of computers is with a medium commission
Much sales of accessories are with a high commission

Much sales of components are with a low commission
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[Mponomxenue Table 3

About 1/2 of sales of software is with a low commission

About 1/2 of sales of computers is with a low commission

A few sales of components are without commission

A few sales of computers are with a high commission

Very few sales of printers are with a high commission

Example 2: Criminal process in a procuracy's office [5, p.10]

There is a criminal process database that are handled in a procurator's office.

Specifically, data from 387 ordinary processes and 193 testified complaints are used.

The structure of the database is shown in Table 5.

Table 4

Relations between the groups of products and times of sale

Summary

About 1/3 of sales of computers is by the end of year

About 1/2 of sales in autumn is of accessories

About 1/3 of sales of network elements is in the beginning of year

Very few sales of network elements are by the end of year

Very few sales of software are in the beginning of year

About 1/2 of sales in the beginning of year is of accessories

About 1/3 of sales in the summer is of accessories

About 1/3 of sales of peripherals is in the spring period

About 1/3 of sales of software is by the end of year

About 1/3 of sales of network elements is in the spring period

About 1/3 of sales in the summer period is of components

Very few sales of network elements are in the autumn period

A few sales of software are in the summer period

Table 5

Basic structure of the database example 2

Attribute name Attribute type Description

complaint number | Character varying | The number that uniquely identifies the complaint

military procuracy | Boolean Specifies if the process is attended by the military
prosecutor's office

date of event Date Date on which the event occurred

event time Time without Time at which the event occurred

police station Character varying | Police station where the complaint originated

file number Character varying | The number that uniquely identifies the file

start date Date Start date of the process

KasaHCKUI NIMHIBUCTUYECKMI KypHan, 2019, Tom 2, Ne 1



[Mponomxenue Table 5

closing date

Date

Date of conclusion of the process

it is prioritized

Boolean

Specifies whether the process is addressed with
priority or not

instruction body

Character varying

Instruction body that instructs the process

id of case Numeric The number that uniquely identifies the case

id of person Numeric The number that uniquely identifies the person

year of birth Date Year of birth of the person involved in the process
Race Character varying | The skin color of the person involved in the process
Sex Character varying | Gender of the person involved in the process

marital status

Character varying

Marital status of the person involved in the process

id of process

Numeric

The number that uniquely identifies the process

Procuracy Character varying | Name of the Office of the Procuracy that deals with
the process
process type Character varying | Denomination of type of process (Ordinary, etc.)

procurator name

Character varying

Name of the procurator who attends the process

kind of person

Character varying

Designation of the role that the person has
in the process

Database have 21 attributes. Nine of them were discarded, and 11 were kept
to build the summaries. Four attributes were transformed to increase their usefulness.

- The attribute year_of birth: it is a date of the form year-month-day. This
attribute becomes the numeric attribute age, which was then discretized.

- The attributes start date and closing_date: they were merged to create
the numerical attribute process_execution_time, which was then discretized.

- The attribute date_of event: it is a date of the form year-month-day. This
attribute becomes the nominal attribute occurrence_period.

Then

and event_time (Fig. 3) were discretized. Trapezoidal fuzzy sets were used for this

the attributes: age (Fig. 1), process_execution_time (Fig. 2)

process.

KasaHCKUI NMHIBUCTUYECKMIA KypHan, 2019, Tom 2, Ne 1



71

1),
1

. _\ / >< \

0 10 13 15 18 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
= hild adolescent =——young ==—adult old man

Fig 1. Linguistic variable “age”
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Fig 2. Linguistic variable “process execution time”
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Fig 3. Linguistic variable “event_time”

The following summarizers and qualifiers were defined. Note that all of them
are represented by words or phrases.
Summarizers:

- process execution time = {“short”, “medium”, “long”}

- age = {child, adolescent, young, adult, old man}

29 <¢ 2 ¢¢ 9% ¢¢

- hours = {“early morning”, “morning”, “noon”, “afternoon”, “night”}
- type of process = {“ordinary”, “testified complaint™}

- occurrence period = {“Ist quarter”, “2nd quarter”, “3rd quarter”}
Quialifiers:

- race — take the values: “black”, “white” or “mestizo”.

- sex — take the values: male or female.
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- marital status — take the wvalues: “single”, “married”, “divorced”
or “widowed”.

- Is prioritized — take the values: “true” if the case is prioritized, “false”
otherwise.

- military procuracy — takes the values: “true” if the process is carried out
by the Military Procuracy's Office, “false” otherwise.

Finally, fuzzy (Fig. A) and non-fuzzy (Fig. B) quantifiers were defined.

A
i \ / >< \
0 >
0 0,150,2 0,25 0,35 0,45 0,55 0,65 0,75 0,85 1
e R\ less than half == Close to half = more than half most
Fig 4. Fuzzy quantifiers
A
1t o
05 r
0 >
0 1
=@-none all

Fig 5. Non-fuzzy quantifiers
Table 6 shows some of the summaries obtained. In them can be observed

the relationships between several of the attributes of the database. In this case,
the workers of the prosecutor's office were asked about the usefulness
of the linguistic summaries obtained. A modification of ladov's technique to assess
satisfaction [6, p.45] was used. As a result, a result of 0.7 was obtained, which
represents satisfaction according to the value scale of this technique. They expressed
that summary information could be used for different purposes, e.g., to develop social
prevention actions, to evaluate the performance and to manage the work

of the organization.
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Table 6

Some summaries obtained

Summaries

More than half of processes of testified complaint that not carried out by the Military
Prosecutor's Office occur during the 1st quarter year.

About half of processes of testified complaint that not carried out by the Military
Prosecutor's Office occur in the afternoon.

All prioritized Ordinary processes are short duration.

Most of the prioritized Ordinary processes involve adults.

Less than half of single people are involved in process of testified complaint.

As the main conclusions we present three aspects:

- The processing of large volumes data is a challenge and an opportunity
for process analysis and decision making.

- Linguistic data summarization allows processing large data volumes
and showing the summarized information in natural language.

- Tasks of linguistic data summarization require the participation
of a multidisciplinary team integrated by specialists in application area, computer

engineers, linguists, etc.
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CJIOBOCJIOKEHHUE, KOHBEPCHUSA U ABBPEBUAIINSA KAK CITIOCOBBI
OBPA3OBAHUSA XUMUUYECKON TEPMUHOJIOTMA B AHT JIMCKOM
N TATAPCKOM A3BIKAX

B.H. Xucamoesa, JI.M. Hoamyauna
hisamovaven@yandex.ru, lucide@list.ru

Kazanckuii ¢pedepanvhutit ynusepcumem, 2. Kazaunv, Poccus

AnHoTanusi. TepMuHONOTHS 3aHUMaeT Ba)XXHOE MECTO B Hayke. be3 BrageHus
TEPMUHOJIOTHEH HEBO3MOXXHO OBITH CHEIMATUCTOM HU B OJIHOM M3 HAy4yHBIX chep KHU3HU.
bricTpoe pazBuTHe HayKH BEET K MOSBICHUIO HOBBIX TEPMHUHOB. TakuM 00pa3oM, cucTeMaTu3aius
Y CTaHJApTH3aIMs XUMHUECKOU TEPMHUHOJIOTUU SBJISETCS aKTyaJlbHBIM BOIIPOCOM Ha CETOIHSIIITHUMA
JeHb. B 1aHHOM cTaThe paccMaTpuBalOTCs CIIOCOOBI CTIOBOOOPA30BAHUS B aHTJIMIICKOM M TaTapcKo
XUMHUYECKOH TEpPMUHOJIOTUM Ha TIpUMepe CJIOBOCIOXEHHS, KOHBEPCMHM U ab0peBHAIIMU.
Br160op maHHBIX CHOCOO0B TEpPMHUHOOOpa30BaHMsl OOYCIOBIEH HMX BBICOKOW MPOIYKTHUBHOCTHIO.
[{enp HACTOAIIETO HMCCIAEAOBAHUS COCTOMT B BBIABICHHH OCOOSHHOCTEH JaHHBIX CIIOCOOOB
CIIOBOOOpa30BaHUSI B XMMHYECKOM TEPMHUHOCHUCTEME JIByX TE€HETHUYECKH HEpPOJCTBEHHBIX
Y TUTIOJIOTUYECKH PA3HOCTPYKTYPHBIX SI3BIKOB W ONPEIEICHUU HX S3BIKOBOM penpe3eHTaluu
B aKaJIEMHYECKUX TeKCTax. PaccMOTpeHbI U mpecTaBiIeHbl O0IIHe, XapaKTePHBIE 71T UCCIIETYEMBIX
B JAaHHOM CTaTh€ S3BIKOB, MOJEIW CIIOBOCIOXEHHUs. M3ydeHue Bompoca O HCIOIb30BaHUU
KOHBEPCHUM TIOKA3bIBAET PA3JIMUUs B MOJENSAX, SBISIONIMXCS TPOJYKTUBHBIMU JUISI KaXAOTO
U3 S3BIKOB, MPEJCTABICHHBIX B HAacTosIIeH padore. [Ipu u3noxeHnn MaTepuaga 0 TakoM crocooe,
Kak abOpeBuanusi, Mbl B3sJIM BO BHHMAaHHE TOJBKO T€ MOJIEIH, KOTOPHIE SIBISIOTCA OOIIUMU
JUTSL QHTJIMHACKOTO U TaTapCKOTO SI3BIKOB.

KitoueBble ciioBa: cioBOCIOXKEHHE, KOHBepcHs, abOpeBHalus, TEPMUHBI, XUMHUYECKas
TEPMUHOJIOTUS, AHTJIMACKUN SI3bIK, TATAPCKUN S3bIK.
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