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Background. The paper is devoted to review and improvement of existing algorithms for assessing the service provision
quality by a telecom operator. Modern approaches to determining the level of service quality in the operator's telecom system
require the use of complex mathematical methods and approaches that have significant computational complexity. The proposed
approach to assessment of the provided services quality is based on a generalized quality function defined as the geometric
average of the individual quality indicators of the operator's telecom monitoring system and allows the formation of fuzzy
knowledge base in the form of the structured rules. To obtain the value of the integral indicator the rules of the fuzzy knowledge
base are trained using the desirability function and the clustering method. The data set presentation to obtain from the operator's
telecom monitoring system at certain time intervals in the form of the fuzzy knowledge base structured rules allows to reduce the
making decision time on the service provision quality significantly, as well as to reduce the computational complexity of the
service provision quality determining.

Objective. Improving the service provision quality to the end user through "soft" condition control of the operator's system
performance indicators and reducing computational complexity in determining their quality.

Methods. The study was carried out based on a large number of literary sources analysis, the theory of fuzzy logic, clustering
methods with using the generalized quality function, the theory of fuzzy knowledge base.

Results. An approach is proposed to determining the integral quality indicator of the provided by the telecom operator to the
end user services, obtaining the complex non-structured data estimation based on one integral fuzzy indicator and forming on its
basis a knowledge system represented as the fuzzy knowledge base. When forming a fuzzy knowledge base, it takes time to learn
its rules, but this is compensated by computational load reduction on the system during its operation.

Conclusions. The presented research indicates the need to improve the modern telecom operator’s platform for the services
provision that realized by an additional block of "soft" services quality management with the help of fuzzy knowledge base. This
modification allows instead of processing Big Data from the telecom operator's monitoring system to determine the quality of

services based on the rules of the fuzzy knowledge base.

Keywords: Big Data; fuzzy knowledge base; fuzzy logic; service quality; integral quality index.

Introduction

At the present development stage of information and
communication technologies, the term Big Data means a
number of approaches, tools and methods of processing
of structured and unstructured vast amounts of data and
their considerable diversity.

Big Data is a term used to identify data sets. It can’t
be coped with such data sets wusing existing
methodologies and software because of their large size,
rate of arrival, analysis and complexity. The researchers
as M. Hilbernt, S. Strinivasa and others developed
methods and software tools for data transmission and
information granules mining from Big Data (objects
collections formation, that are usually formed for
numeric attributes. They are placed side by side because
of their similarity, functional or physical commonality),
but the appearance of new data formats requires constant

expansion and improvement of existing methods and
data analysis tools [1].

With that accumulating data from network nodes
rapidly increase every year. This causes necessity in
powerful constantly increasing computing resources to
increase processing speed and data access. In this
regard, necessity to improve large amounts of data
processing algorithms becomes more relevance.

According to research were conducted by a number
of leading companies in the world [2] telecom operators
are faced with the urgent need the complex account of
different characteristics of provided services (technical,
economic, experience of using services by end-user) due
to the rapidly growing range of services and the
transition to digital space. They want a clear
understanding and process management that occurring
between the operator and its subscribers. This whole
range of parameters is too large and complex data for the
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collecting, processing and analysis with the use of
current computing infrastructure and is characterized by:

e significant amount of data (from terabytes to
petabytes);

e necessity for high processing speed in real time to
reduce the volume of storage;

e heterogeneity (can be structured, unstructured,
semi-structured);

e necessity to fulfil a validity requirement (may be
disrupted due to the variety of data sources and
processing methods, violations of safety
requirements);

e importance (using of forecasted methods and
analysis methods allows to predict the direction of
companies development).

Telecommunication companies are investing a lot of
money in analytical tools and services development.
With this data telecom operators aim to:

e increasing sales;

e assuring revenue (detecting and preventing
revenue leakage);
reducing churn and fraud,;
improving risk management;
decreasing operational cost;
improving visibility into core operations, internal
processes and market conditions;
discerning trends and establishing forecasts;

e cross-selling/up-selling products and service

plans.

At the same time for such kind of tasks data analysis
is often performed based on data that obtained as a result
of the economic operator’s activity or sociological
interrogations or technical parameters of the operator’s
infrastructure functioning (for example, the decision to
invest in one or another part of the system does not
consider the influence and analysis of all possible factors
and consequences). For example, if we consider the
problem of users’ satisfaction degree by services
provided by telecom operator, it is quite obvious that the
frequent technical failures affect satisfaction degree,
price operator’s policy and the service performance
jointly impact on the final services performance
evaluation by subscriber.

Modern facilities of Big Data analysis require a
transition from unstructured to structured data, thus
forming, relatively speaking, "volume data compression
volume to their meaning" and generating data processing
strategy for Big Data as "data - information - knowledge
- prediction” (Fig. 1.). In this case the entered processing
steps are understood as [2]:

e data—streams of raw facts such as business
transactions;

¢ information — clusters of facts that are meaningful
to human beings such as making decisions;

e knowledge — data/information ~ organized  to
convey understanding, experience, accumulated

learning, and expertise;

Knowledge

Fig. 1. Scheme of the transition from unstructured data to
information and to knowledge
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A
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In Fig. 1. it is conditionally shown, that huge
amount of data accumulates in time and is an experience,
which is presented as a data. Such kind of the data
allows to make a decisions about providing services with
higher quality by telecom operator.

Relevant Mathematicals Methods for Big Data

To implement the collection processes, storage,
processing, analysis and forecasting this Big Data
processing methods are now widely used classification,
clustering, neural networks, support vector machines,
decision tree learning, others.

Machine learning (ML) methods are considered in
many publications, for example, in [3, 4, 5, 6].
Essentially, this direction is intended to solve central task
of intellectual system, which is evaluation of current
object (situation).

The main expectation of ML methods is
implementation of needs for flexible, adaptive, learning
algorithms or calculation methods. As a result, new
functions of systems and programs are provided.

The possibilities of ML methods, which are ability to
learn and provide recommendations at the level of
experts in a narrow subject area, provide algorithms,
which are divided into two large groups:

e unsupervised learning (UL);

e supervised learning (SL).

Besides, sometimes such algorithms are identified:

e reinforcement learning (RL) [7];

e semi-supervised learning (SSL) [8].
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The main task solved by the ML consists in
assignment the observable object to one or another class
for making a subsequent decision automatically or by a
person. Such tasks are very widespread. An example is
the analysis of user's actions when receiving services in
electronic commerce systems, which allows making
interface and the system's actions planning. In general,
this analysis of data in various information systems
allows making states predictions or objects
classification.

UL methods solve the clustering task, when a set of
previously not marked objects is divided into groups by
an automatic procedure based on the properties of these
objects. In this case the number of groups (clusters) can
be previously defined or generated automatically. Such
algorithms include the adaptive resonance theory (ART)
and self-organizing maps (SOM) or Kohonen maps [9],
and large group of clustering algorithms (k-means,
mixture models, hierarchical clustering and etc.) [10,
11].

SL methods solve the classification task, when in
potentially infinite aggregate of objects finite groups of
designated objects are separated. Usually the groups’
formation is performed by an expert. Thus, the expert
can explain or can not explain for what reasons he has
executed initial classification.

Using this initial classification as a model the
classification algorithm must designate following
unassigned objects as one or another expert-organized
group based on the properties of these objects. SL
methods include a large set of algorithms or algorithms
families, which are often divided into linear and non-
linear classifiers, that separate object classes depending
on the form (hyperplane or hypersurface).

Approaches to the algorithms classification of ML
methods are presented, in particular, in [12, 13].

In [14] the taxonomy of ML methods algorithms in
the form of a hierarchical structure is considered, which
does not pretend, of course, to be exhaustive
completeness. Each of these algorithms essentially forms
a family that can be modified for various needs of
programs and algorithms that are often differed by
computational complexity, implementation complexity
and learning process automation, the ability to classify
only two types (binary classification) or several objects
types at once.

ML algorithms are costly from viewpoint of amount
of computation when obtaining analytical and other
results, especially when it is impossible to establish
explicit envelopes and explicit relationships between the
received data.

Evaluation practice of all components (technical,
economic, social) influence is not widely accepted when

analyzing development trends, service quality, etc. in
terms of large amounts of information analysis.

This paper deals with the fuzzy logic approach that
helps to reduce computational complexity in the process
of classifying large amounts of data, the efficiency is
considered on the example of obtaining a general
estimation of providing services quality index.

To determine the quality index of providing services,
it is assumed to obtain it based on the statistical
information from the operator's monitoring system to
minimize "human" factor influence. The received quality
index of providing services determines the subsequent
actions to improve the service quality based on the
current value of the providing services quality index.

The providing services quality index can be used, for
example, to estimate the required amount of cloud
resources that are needed to connect, if there is a
problem of the lack of resources of the existing
infrastructure to satisfy the required providing services
quality index.

To solve this problem, it is proposed to use decision-
making methods based on fuzzy logic. Fuzzy expert
rules are formed and they are the basis of the expert
system.

Fuzzy rules in the fuzzy knowledge base can be
periodically adjusted to the current status of the technical
infrastructure by means of their reformation (refinement)
in the process of providing services by telecom operator.

Because of the sufficient diverse analysis tasks facing
the telecom operator, it is necessary to use an approach
that will allow solving the described problems with the
help of a certain set of mathematical methods and hence
software tools developed on their basis.

In the proposed approach current status estimation of
providing services by telecom operator is performed
based on integral quality index and consists of the
stages:

1. Quality index of providing services obtaining (Y).

Summarized index characterizes the system status
cumulatively (for example, service quality by
telecom operator, economic indexes efficiency
from the viewpoint of telecom operator and
subscriber cumulatively) on the basis of measured
private indexes (for example, using the operator's
monitoring system).
It is difficult for telecom operator to estimate the
complex effect of individual quality indexes
because it is necessary to know the weight
coefficients or influence degree of each parameter
on the general state of the communication service
system cumulatively. Given this, integral quality
index of providing services obtaining is a non-
trivial task.
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2. Fuzzy knowledge base (FKB) formation using the
current values of integral quality index
On the basis of the integral quality index, it is
necessary to obtain an estimate of system status
cumulatively and to understand the algorithms of
its behavior, and also to compress information to
knowledge or trends (based on logical or
functional dependencies) that can be managed and
made decisions. To compress large amounts of
data it’s possible to form FKB in the form of fuzzy
logic rules. FKB uses fuzzy logic methods to
obtain conclusions.

3. Estimation service quality by telecom operator
using an integral quality index of providing
services.

FKB formation is considered on the example of
service quality estimation. Formation algorithm in the
generalized form can be presented as follows:

Initial data: measurement tables provided by telecom
operators. The measurement table is a set of parameters
that can be presented by X/ ... Xn. It should be noted
that X/ ... Xn is set of parameters by which telecom
operator estimates general state of the system, but none
of them characterizes the system quality cumulatively
(D).

To develop FKB it is necessary to split measurement
table into 3 samples:

1. Training sample with MI rows, where MI={1,
kj, this data uses to form fuzzy logical rules of
knowledge base. To form FKB rules it is
necessary to determine integral quality index,
which is obtained using desirability function
denoted as YD;

2. Test sample with M2 rows, where M2={k + I,
n}, which is needed to check fuzzy logical rules
quality of knowledge base;

3. Examination sample with M3 rows, where
M3 = {n + 1, m}, which is required for the final
verification of the correct operation of the
obtained FKB.

Generic algorithm for determining an unknown value

of ¥

YD calculation using the desirability function based
on M1 data.

FKB formation using M2, and obtained values of
Yrgs. FKB is formed by a set of rules:

«F XI,X2,X3,..., THEN Y ».

Therefor it is necessary to perform such steps:

- Clusterization.
- Membership function selection.

Yrxp computation based on the selected membership
function.

If |YD - Yrgp| > & then transition to 2.2, where ¢ is

acceptable deviation.

If |YD - Ypgp| < ¢, then the membership function was
chosen correctly.

The main points of the proposed approach are
described in more detail below.

I. Source Data

Such parameters of the monitoring system are used:
o Connection Success Rate, %

Connection Block Rate, %

Connection Drop Rate, %

PS Attach Success Rate, %

PDP Context Activation Success Rate, %

Speed DL, kbitsps

Tub Congestion, %

o Backhaul Accessibility, %

e DNS Success Rate, %

e DNS Response Latency, ms

e W, ;- linguistic variables efficiency.

It is possible to form FKB for estimating the integral
quality index and predicting trends of its change in a
short time interval based on integral quality index
parameters

Input information is the observation table T' = {¢,,},
where i-th element ¢; = (x;, v)), x; = [xi1, X2, ..., Xit] —
vector of input values, y; — output value, M;— number
of observations, k — number of input variables, x; € DX,

They are needed to be converted to this values, when
system can estimate service quality level cumulatively,
because the data values in the table do not carry
information. To calculate integral quality index of
providing services it is proposed to use Harrington's
desirability function.

Desirability Function

A specific feature of integral quality index
determining task is that the operator does not know how
to calculate Y. Such methods can be applied to determine
Y:

1. Expert-weighted coefficients using (need to apply
expert knowledge, which inject error probability
due to human factor).

2. ML (the process of this method is smooth, but if
there are emissions in the process, the algorithm
becomes more complicated of such method).

The second approach is more flexible and allows
getting the value of Y without using expert knowledge
and allows reducing the error probability due to human
factor.

To solve multicriterial tasks, various methods for
constructing a generic index are used. One of them most
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convenient methods is generic desirability function. It
aroses as a result of observations of real solutions of
experimenters and has such wuseful properties as
continuity, monotonicity and smoothness.

The mathematical apparatus of converting specific
parameters into abstract numerical values uses one of the
logistic functions, which is called the “desirability
curve”:

d = exp[-exp(-Y)],
where coordinate axis Y is private indicators scale; axis d
is desirability scale.

«Desirability curve» defines a function with two
saturation sections (in d—0 and d—1) and linear section
(from d=0.2 to d = 0.63).

For evaluation integral quality index desirability scale
is divided into five subranges in the range from O to 1:

[0; 0.2] — «very bad»,

[0.2; 0.37] — «bad»,

[0.37; 0.63] — «satisfactorily»,

[0.63; 0.8] — «good»,

[0.8; 1] — «very good».

The specific parameters of the compared systems are
distributed on a scale corresponding to the requirements
in the interval of effective values of the individual
indexes scale. Then, the corresponding indexes are
recalculated into grades on the desirability scale. The
obtained value d(i) for the i-th parameter is recalculated
together with others into a generic desirability coefficient
-D.

D=yn-d(1)-d(2)-...-d(n) »
where n is the number of used indexes.

The number of such indexes may not be the same for
different systems. This allows comparing generic
coefficients even when there are not some comparison
parameters for different systems or data on them. The
root of the n-th degree “smoothes” arise deviation. The
obtained result allows evaluating systems (with a certain
degree of accuracy).

Fuzzy Knowledge Base Formation

According to the peculiarities of Big Data processing,
which is widely discussed in a number of works [15, 16],
the approach based on fuzzy logic methods is proposed to
consider the impact for explicit and fuzzy parameters and
using the transition from unstructured data to FKB with
explicit structured rules. This allows significantly
reducing the amount of computing when data
transmitting and data processing.

Initial data: fuzzy model is defined as a system with
input variables X = {X;;, Xs2, ... , X;}, which are
defined on the input area of discourses
DX =DX;  DXi: - ... - DX, and one output variable Y,
which is defined on the output area of discourses DY.

Explicit value is denoted as x; for input variable X; and as
y for output variable Y.

A. Clusterization

There are many methods of clusterization. In this
paper, a fuzzy c-averages algorithm is considered.

Fuzzy c-averages algorithm is based on distance
minimizing from the observed data to cluster centers.
For this, the Euclidean distance is calculated [17].

Fuzzy c-averages algorithm is as follows [17].

Given: observing table T, number of clusters c,
number 1, stop parameter €.

Get: fuzzy partitioning matrix F and cluster centers
matrix V.

Step 1. Fuzzy partitioning matrix F is initialized
randomly. The fuzzy partitioning matrix F satisfies the
conditions:

Vkl,M(leluki :1} Vkm(0<zll,uki <M]

Step 2. Calculate the cluster centers vector v;.

Step 3. Calculate  distance d;; between k-th
observation from the matrix 7' and i-th cluster center
dii = Nty — ).

Step 4. Calculate the matrix F approximation;

Step 5.1f |[F—F'|F, then the output from the
algorithm, otherwise the transition to Step 2. Here F is
fuzzy partitioning matrix, which is obtained at the
previous step of the algorithm.

As a result of the algorithm cluster centers matrix
V={v,v,..,v.} is calculated, where each
Vi = {Viis Vizse-» Vi Vina1}» Vii 18 coordinate value of i-th
variable in k-th cluster, v,,; is coordinate value of
output variable in k-th cluster. Each dedicated cluster
corresponds to one linguistic rule fuzzy system rule
base.

B. Membership function selection

Each linguistic term being in antecedent of the fuzzy
rules is defined by its membership function.

There are several types of membership function:
triangular, trapezoidal, piecewise linear, singleton,
Gaussian.

As a part of the research Gaussian membership
function was determined to be the best variant for
estimation the integral quality index of providing
services.

Based on the cluster analysis results, membership
function parameters are defined as follows:

a=vij
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ud m 2
, ;(ﬂki) (xkj_yzj)
O. = o

;%)m

ij
C. Yrxp getting based on the selected membership
function

Now, after determining the necessary parameters and
membership functions constructing, the rules of fuzzy
base are formed.

Fuzzy concept LX;; corresponds to the judgment
«X; is approximately equal to v;». The general form of
the rule is constructed in the form of a Mamdani type
model.

Rj: X] ~ Vi1 AND ... AND Xn ~ Vin ™Y ~ Vin+1s

where vj; is i-th input variable coordinate value in j-th
cluster, vj,,; is output variable coordinate value in j-th
cluster, 1 <j <c.

Thus, the proposed algorithm suggests solving the
task of determining linguistic terms and forming a fuzzy
rules base.

This approach in functioning process allows quickly
determining which of parameters has made the most
significant influence on the integral quality index. This
allows managing technical aspects of network
architecture. A similar approach can be applied to
determine the economic and social parameters.

Fuzzy Knowledge Base Using for Service Quality
Estimation

To obtain an integral quality index using FKB
following conditions are necessary:

o there must be at least one rule for each linguistic

term of the output variable

o for any term of the input variable there must be at

least one rule, where this term is used as a
antecedent;

o there should not be contradictions and correlations

between rules.

The input variables are applied to the fuzzy logical
inference algorithm input. These input variables carry
information obtained in somehow, for example by
measuring a certain physical quantity (operator’s
monitoring system). Resulting fuzzy logic output
variables are formed at the algorithm output, for example
satisfaction level of service quality. Thus, the fuzzy logic
inference algorithm converts input variables into output
variables based on certain fuzzy rules productions.

The main stages of obtaining fuzzy logical inference
are the following:

1. Fuzzification (fuzziness introduction) is procedure,

where for all input variables the membership
functions specific values for each of linguistic
terms are determined. Linguistic terms are used in
in the set of rules base of fuzzy logical inference
system.

. Aggregation is procedure, when the truth degree of

conditions for each rule of fuzzy logic inference
algorithm. If the rule condition has a simple form,
its truth is equal to the corresponding value of the
membership function. If the condition consists of
several subconditions of the form:

RULE<#>: IF «b1 is a;» AND «bz is a,», THEN
«b3 is V»,

then truth degree is determined on the basis of
known truth values of the subconditions and
formulae for performing operations of fuzzy
conjunction and fuzzy disjunction are applied:
Fuzzy logic conjunction operation (AND):

1, (o) =minda, ()10, ()
Fuzzy logic ¢ disjunction operation (OR):
p ()= (. (0)
For example, for a rule
IF X1 = middle AND X2 =low AND X3 =low

AND X4 = low
The truth degree will be the following

1, (x)=min{0.5;0.3;0.4;0.35}=0.3

. Accumulation is the process of finding the

membership function for each of the output
linguistic variables.
If conclusions relating to the same output
linguistic variable belong to different rules of the
fuzzy logic inference system, they are combined
into fuzzy sets using the formula:
y = min{x,},

where x, is modal value (moda) of Fuzzy set,
which is corresponded to the output variable after
the accumulation step, obtained in accordance
with formula:

Xn=max{u(x)}, x€[a, b]
For example, for a rules:

IF X1 = middle AND X2 =low AND X3 =low
AND X4 =low, THEN Y =low pu(x) =0.3

IF X1 = low AND X2 = high AND X3 = low AND
X4 = high, THEN Y = middle u(x) = 0.6

IF X1 =low AND X2 = middle AND X3 = middle
AND X4 = high, THEN Y = middle u(x) = 0.5
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Then X, - max{0.3; 0.6; 0.5} = 0.6.

4. Defuzzification (leading to explicit) is a procedure
for determining the usual (explicit) value for each
of the output linguistic variables using different
algorithms [18].

{
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Fig. 2. An example of membership function

Fig.2. shows, that the value of membership
function can be corresponded to several arguments
(if Y = middle from P.6, then at this stage only the
membership function, which is responsible for the
value of "MIDDLE" is used). There are many
algorithms. In this paper right modal value method
is used: y=max{x}.

Results

To verify the proposed approach, data from one of the
Ukrainian telecom operators was used. Natural values
were normalized in the range from O to 1. The fragment
of the data is presented in Fig. 3.

K1 X2 X3 X4 X5 X6 X1 X8 X9 X10

0,01 099 098 093 095 098 099 099 | 00075 | 099

0001 | 09948 | 09969 | 09893 | 09958 | 09967 | 09967 | 09981 | 00033 | 09959
0,001 0994 | 09969 | 09892 | 0%6 | 09972 | 09972 | 09966 | 00031 | 0996
00006 | 09983 | 09993 | 09814 | 09643 1 09991 | 09992 | 00025 | 09984

Fig. 3. An example of initial data of Ukrainian telecom
operator

According to the algorithm for determining unknown
Y, the data were divided into three samples: teaching,
test, examination.

From the first sample,
desirability function.

From the second sample fuzzy knowledge base was
formed, which was consisted of the rules:

IF X1 = middle AND X2 = notlow AND X3 = not low
AND X4 =notlow AND X5 =notlow AND
X6 = not low AND X7 = not low AND X8 = not low
AND X9 = not very high AND X10 = not low,

THEN Y = not low

Y was obtained using

IF X1 = middle AND X2 = not low AND X3 = not low
AND X4 =notlow AND X5 =notlow AND
X6 = not low AND X7 = not low AND X8 = not low
AND X9 = not very high AND X10 = not low,

THEN Y = not low

IF X1 = very low AND X2 = high AND X3 = high AND
X4 = high AND X5 = high AND X6 = high AND
X7 = high AND X8 = high AND X9 = very low AND
X10 = high, THEN Y = high

IF X1 = very low AND X2 = high AND X3 = high AND
X4 = high AND X5 = high AND X6 = high AND
X7 = high AND X8 = high AND X9 = very low AND
X10 = high, THEN Y = high

During the experiment, it was investigated that fuzzy
knowledge base was formed for 4 iterations.

Correctness of the algorithm was tested by the third
sample. The results of the algorithm fully corresponded
to the expert estimates provided by one of the Ukrainian
telecom operators.

Conclusions

As the researches result the approach for obtaining the
integral quality index of comprehensive assessment of
large amounts of structured data is proposed. The
advantage of this approach is the information volume
reduction processed during the Big Data analysis by
bringing this amount of information to knowledge.

To conduct such an analysis time to set up and form a
FKB is required, but this is compensated by a decrease of
computational load during system functioning.

This approach considered allows reducing the
computational complexity in the process of classifying
large amounts of data. The desirability function using
was suggested to solve the problem of obtaining the
providing services integral quality index by the operator
by a number of parameters that not be logically
connected and that are provided by telecom operator’s
monitoring system.

Expert rules of the formed FKB have less influence of
the human factor and more flexible react to rapid changes
in the values of the certain service quality parameters in
the process of system functioning.

Future work will be devoted to accounting economic
and social parameters in conjunction with the technical
characteristics of the telecom operator’s infrastructure,
and combination of three components (to solve the
analytical problems that are important for telecom
operator).
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Po3paxynok inmezpanvbHo20 nOKA3HUKA AKOCHI HAOABAHUX cepeicie

IpodaemaTuka. [[aHa CTaTTA NpUCBAYEHA PO3MJIALY Ta YIOCKOHAJEHHIO iCHYIOUMX aJTOPUTMIB OLIHKM SAKOCTi HaJIaHHA
cepBiciB TenekoM omepatopoM. CydacHi MiIXOAW IOAO BW3HAYEHHS PIBHA SAKOCTI MOCIYr B CHCTEMi TEJIEKOM oreparopa
noTpeOyIOTh 3aCTOCYBAaHHS CKJIQJHUX MaTEMAaTHIHUX METOMIB Ta ITiIXOMIB, SIKi BiIpPi3HAIOTHECS 00UYHCIFOBAIBHOI CKIIATHICTIO. Y
3alpOTIOHOBAHOMY MIIXOMi OLHKa SKOCTI HaIaHHS CepBiciB 0a3yeThcs Ha y3araibHeHil (QYHKLIT SKOCTI, sIka BU3HAYAETHCS 3a
JIOTIOMOTOI0 CEePEeTHROTO TEeOMETPUYHOTO IHIMBITyalbHUX TMOKA3HWKIB SIKOCTI CHCTEMM MOHITOPHHTY TENEeKOM ofeparopa Ta
n03BoJIsie (hopMyBaTH HEUiTKy 0a3y 3HaHb y BUIIISAAI YiTKMX NpaBwil. JlIs OTpUMaHHS 3HAUY€HHS IHTErpalbHOTO MOKa3HMKA
TIPOBOITHCS HABUAHHS CHCTEMH TIPABIUT HEWIiTKOT 0a3W 3HaHb i3 3aCTOCYBaHHAM (PYHKIii Oa’kaHOCTI Ta METOIy KiacTepi3aril.
[pencraBieHHs HaboOpy NaHUX, OTPUMAHOIO Y BHU3HAUEHi iHTEpBAJM yYacy Bil CUCTEMH MOHITOPHHTY TEleKOM OIepaTopa, y
BUIJIA/i CTPYKTYPOBAHUX MPABUI HEUiTKOT 0a31 3HAHb I03BOJISIE CYTTEBO CKOPOTUTH Yac MPUAHATTS PillleHHS LIO0 CTaHy AKOCTi
HaJaHHSA CEpBICiB, a TAKOX 3MEHIUUTH OOYMCIIOBAJbHY CKIAQHICTh BU3HAYEGHHSA SKOCTI MOCTYT, SKi HAJalOThCS KiHLEBOMY
KOpHCTYyBauy.

Meta pocnigkens. [TinBUILEHHS SKOCTI HAIaHHS TOCITYT KiHLIEBOMY KOPHCTYBauy 3a PaxyHOK «M’SKOT0» KepyBaHHS CTAHOM
TIOKa3HUKIB SIKOCTi CHCTEMH TEJIEKOM OTlepaTopa Ta 3MEeHIIEHHs 00UNCITFOBATBHOT CKIIAIHOCTI i/l Yac BU3HAYEHHS 1X SKOCTI.

MeTtonuka peamnizauii. JlociimkeHHs BUKOHAHO Ha OCHOBI aHaJIi3y BEJMKOT KUIbKOCTI JIiTEpaTypHUX Kepedl, Teopil HeuiTKoi
JIOTiKM, METOIIB KJacTepizalil i3 3acTOCyBaHHAM y3araibHeHo! QYHKLIT SKOCTi, Teopil 6a3 HEUITKUX 3HAHb.

Pe3ynbTaT gociigkenb.  3ampornoHOBAaHO MijAXil MO0 BW3HAYEHHS IHTETPaJbHOTO MOKA3HWKA SKOCTI TIOCIYT, SKi
Ha/Ial0ThCS KIHIIEBOMY KOPHCTYBaUy TEJIEKOM ONepaTopoM, MOXKIMBOCTI 3BeA€HHS KOMIUIEKCHOT OLIHKM 3HAYHNUX 00CSATIB MOTaHO
CTPYKTYpPOBaHHUX [aHWX 10 OJHOTO iHTErpajibHOTO HEeYiTKOro TMoKa3HWKa Ta (OpMyBaHHS Ha HOTO OCHOBI CHCTEMH 3HaHb,
MOJIAaHUX Y BUTIIAI HeuiTkoi 0a3u 3HaHb. [1ix yac opMyBaHHS HeuiTKOi 6a3y 3HAHb BTPAYaEThCS YaC HA HABYAHHS 1i TIPaBUJI, aje
116 KOMIIEHCY€EThCS 3MEHILICHHAM 00UNCIIIOBAILHOTO HABAHTAKEHHA Ha CUCTEMY MiJ yac 1 (yHKUiOHyBaHHS.

BucnoBku. [poBeneHe mocmimkeHHs BKa3ye Ha HEOOXiTHICTh YIOCKOHAJNEHHS peajizaliif Cyd4acHOi miaThopMu HaJaHHS
MOCNYT TEJIEKOM OMEepPaTopoM, sIKe MOJIArae y BBEJCHHI TOJATKOBOrO OJNOKY «M’SKOTO» KepyBaHHS X SIKICTIO 3a JOTIOMOTOO
HEYiTKO1 0231 3HaHb, SIKa TO3BOJIUTH 3aMiCTh 0OPOOKH 3HAYHUX OOCATIB TAHUX, OTPUMYBAHHX Bill CHCTEMH MOHITOPHHTY TEJIEKOM
orepaTtopa BU3HAYATH SKiCTh TIOCITYT ONIEPYOYH TIpaBIIaMy HEUiTKOT 0a3¥ 3HAHb.

Kurovosi cioBa: Big Data; 06a3a HeWiTKUX 3HaHb; HEWiTKa JIOTiKa; SKiCTh 00CITyroByBaHHS; iHTETPANbHUI MOKA3HUK SKOCTI
HaJlaHHs OCITyT
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Pacuem unmezpupoeannozo nokazameia Kauecmea npedoCcmagis1eMolx cepeucos

IMpodnemaTuka. JlaHHas cTaThsl NOCBSLIEHA PACCMOTPEHUIO U YCOBEPLUEHCTBOBAHHIO CYLIECTBYIOLUMX AITOPUTMOB OLIEHKH
KauecTBa MpPEJOCTABIIECHUS CEPBUCOB TeJIEKOM orneparopoM. COBpeMeHHbIE MOAXObl K ONMPEACICHUIO YPOBHS KAauecTBa yCIyr B
CHCTeMe TEJIEKOM OTiepaTopa TPeOYIOT UCTIONB30BAHUSA CIOKHBIX MaTEMATHIECKUX METOJOB U TIOJXO0AO0B, KOTOPBIE OTIMYAIOTCS
MPEKAE BCEr0 BBIUMCIUTENIBHON CJI0KHOCTBIO. [lpennaraeMelii Moaxonq K OLEHKE KauyecTBa IMPENOCTaBISEMBIX CEPBHCOB
0asmpyeTcs Ha OOOIICHHON (DYKIMM KauecTBa, OMpeNeseMoll Kak cepelHee TeOMETPHUIECKOe MHIWBUIYaJbHBIX MOKazaTenei
KayecTBa CUCTEMbl MOHUTOPHHTA TEJICKOM OTlepaTopa M Mo3BOJIsAeT (GOPMUPOBATh HEUSTKYIO 0a3y 3HAHWI B BHJIC YETKHX TPABILT.

JInst monydeHus 3HaueHMs MHTErpajbHOrO MokKazaTens MPOBOAUTCS oOydeHUe CHUCTEMbl MpaBUJ HEYeTKOH 0as3bl 3HAHWM C
npUMeHeHHeM (GYHKIMH JKETaTeNbHOCTH W MeToma Kiactepmsanud. [IpencraBieHne HaOopa MaHHBIX, MOJYYEHHOTO B
OMpeJe/ieHHbIE WHTEPBAJbl BPEMEHM OT CHCTEMbl MOHHMTOPHMHIA TEJIEKOM OMeparopa B BUJAE CTPYKTYPUPOBAHHBIX MPABUI
HevyeTKol 0a3bl 3HAHUH MO3BOJISIET CYIIECTBEHHO COKPATUTh BPeMsl MPUHATHUS PELIEHHs O KauecTBe MPeNOCTaBlIeHNs] CEPBUCOB, a
TaKKe YMEHBIINTb BHIYUCIUTENbHYIO CJIOKHOCTD ONPENESeHHUs KAUeCTBa YCIyT, MPEA0CTABIAEMbIX KOHEYHOMY T0JIb30BATENIO.

Leabr uccnegoBanuii. [loBbilieHHE KadecTBa MNPENOCTABIEHUS YCIYr KOHEUHOMY TI0JIb30BATENI0 3a CUET «MSATKOTO»
YIpaBJieHUsA COCTOSIHUEM TOKa3aresiell KauecTBa CUCTEMbI TEJIEKOM OMEpaTopa U yMEHbIIEHUS BbIYUCIUTENbHON CI0KHOCTH NPU
OMpENENICHNN UX Ka4ecTBa.

Metonuka peanausanuu. VccrnenopaHne BBITIONHEHO HA OCHOBE aHAM3a OOJBINOTO KOJIUYECTBA JINTEPATYPHBIX HCTOYHHUKOB,
TEOPHH HEUCTKON JIOTWKH, METOIOB KJIaCTepI3alliil C TMpUMEHEeHHEeM 0000IeHHON (YHKINH KauecTBa, TCOPUH 0a3 HEUETKHX
3HAHUH.

PesyabTaTel ucciaenoBanmii.  IlpeanokeH NOOXON K ONPEACICHUIO WHTErPAIbHONO [OKa3aTeNs KayecTBa YCIYT,
NPENOCTABIAEMbIX KOHEYHOMY TI0JIb30BATENIKO TEJEKOM OMNEPAaTOpPOM, BO3MOMKHOCTH CBEICHHA KOMIUIEKCHOM OLIEHKH
3HAYMUTENbHBIX O0OBEMOB IUIOXO CTPYKTYPUPOBAHHBIX MHAHHBIX K OJHOMY MHTErpajJbHOMY HEUYETKOMY IIOKa3aTeNllo U
(OpMHpPOBaHMIO HA €ro OCHOBE CHCTEMBbl 3HAHWii, MPEJCTABICHHbIX B BHJAE HeueTkoil 6a3bl 3HaHuil. [Ipu ¢opmupoBanuu
HEUeTKOW 0a3bl 3HAHWIT TepseTcs BpeMs Ha OOydYeHWe ee MpaBWi, HO 3TO KOMIICHCHPYETCS YMEHBIICHHEM BBIYHMCIUTEIBHOM
Harpy3Kd Ha CHCTEMY BO BpeMs ee (DYHKIIMOHMPOBAHHS.

BeiBoanl. [IpoBeneHHOE WcCemoBaHHWE YKa3biBaeT Ha HEOOXOMMMOCTh COBEPINICHCTBOBAHWS peaM3alldii COBPEMEHHOM
TIaT(GOPMBI TIPEIOCTABIIEHHUS YCIYT TEJIEKOM OIMEepPaTopoM, KOTOPOE 3aKJFOYaeTCs BO BBEINCHWHM JOTONHHUTENHHOTO OJ0Ka
«MATKOTO» YTPABJICHAS KadyeCTBOM YCIYT C TIOMOINBIO HEWETKOW 0a3bl 3HaHWI, KOTOpas MO3BOJUT BMECTO 00pabOTKH
3HAYHUTENHHBIX 00BEMOB MAaHHBIX, MONYYaeMBIX OT CHCTEMBl MOHWTOPHHTA TEJIEKOM OIepaTopa OIpeNeiiTh KauyeCTBO YCITyT
ornepupys MpaBUIaMy HEYETKOI 6a3bl 3HAHUIA.

KnwoueBbie cioBa: Big Data; 0a3a HeueTKuX 3HAHHMI,; HEUeTKas JIOTHKA; KayeCTBO OOCIY)KMBAaHMS; WHTErpaibHbIN
noKa3arellb KaueCTBa MPeA0CTABICHUS YCIYT.





