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Abstract—In work complex analysis specialties of degree of
subscribers’ satisfaction taking into account both the services’
technical parameters of and economic characteristics are consid-
ered when communication operator provides services. Object is
achieved by methods of fuzzy logic for collaborative accounting
of the impact of clear and fuzzy parameters. And it uses and
a transition from unstructured data to the fuzzy knowledge
base with a well-structured rules, that allows to implement a
strategy typical for Big Data: data - information - knowledge,
and thus significantly reduce the amount of calculations when
data transmitting and processing.
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I. INTRODUCTION

At the present development stage of information and com-
munication technologies, the term Big Data (BD) means a
number of approaches, tools and methods of processing of
structured and unstructured vast amounts of data ‘and consid-
erable diversity.

Accumulating data from network nodes rapidly increase
every year. We need powerful computers to increase processing
speed and data access. In connection with this, necessity to
improve large amounts of data processing algorithms becomes
more urgent.

According to research were conducted by a number of
leading companies in the world [1] telecom operators are faced
with the urgent need the complex account of different charac-
teristics 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 collecting,
processing and analysis with the use of current computing
infrastructure and is characterized by:
amount

e significant of data (from

petabytes);

terabytes to

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

e heterogeneity (can be structured, unstructured, semi-
structured);
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e necessity respond reliability requirement (may be dis-
rupted due to the variety of data sources and process-
ing methods, violations of safety requirements);

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

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

e increase sales;

e assure revenue (detect and prevent revenue leakage);
e reduce churn and fraud;

e improve risk management;

e  decrease operational cost;

e improve visibility into core operations, internal pro-
cesses and market conditions;

e discern trends and establish forecasts;

e  cross-sell/up-sell products and service plans.

Therewith data analysis is often performed based on data,
which is obtained as a result of the economic operator’s activ-
ity, or base on sociological interrogations, or based on 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) to achieve the objectives.
If we consider the degree of users’satisfaction by services (it
offered by telecom operator) problem, it is quite obvious that
the frequent technical failures affect degree of satisfaction,
pricing operator’s policy and the services quality also have an
impact on the final evaluation of the customer services quality.

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 [1]:

e data - streams of raw facts such as business transac-
tions;

e 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.
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Figure 1. Scheme of the transition from unstructured data to information and
to knowledge

II. EXISTING MATHEMATICAL METHODS FOR B1G DATA

To implement the collection processes, storage, processing,
analysis and forecasting such DB processing methods are now
widely used:

e  association mining;

e classification;

e  clustering;

e neural networks;

e  support vector machines;
e decision tree learning;

e  others.

But there no data analysis algorithm, by which it would be
possible to to combine all the components (technical, economic
and social).

III. PROPOSED APPROACH FOR COLLECTION, ANALYSIS AND
PROCESSING B1G IDATA FOR COMMUNICATION OPERATOR

In this work joint assessment of all unbound clear and fuzzy
parameters is proposed to use for constructing a fuzzy rule
base, which would allow to produce a complex analysis of the
expected quality of service delivery by telecom operator.

According to the considered features of Big Data pro-
cessing, which are widely discussed in several papers [2; 3],
the approach is proposed. This approach is based on fuzzy
logic methods for taking account the impact of clear and
fuzzy parameters, and using the transition from unstructured
data to the fuzzy knowledge base with well-structured rules,
that can significantly reduce the amount of calculations in
the transmission and data processing. The main steps of this
approach:

Step 1  Data stream forming (functional and sense dependen-
cies extraction, meta description forming, parameters’
impact rate determination).

Step 2 Fuzzy Knowledge Base (FKB) forming.

Step 3 FKB reorganizing and learning with the help of meta-
graph theory.

Step 4  Fuzzy conclusion.

Step 5 Fuzzy prediction.

One of the most difficult steps of the proposed approach
is precisely the first step, where you should create define,
organize and classify the data streams to get the possibility of
applying algorithms of fuzzy knowledge base rules formation.
It will allow to use this base in future for making decisions
and predictions.

For this purpose, it is necessary to determine the parameters
for forming a knowledge base, and methods for obtaining the
values of these parameters.

Note, that telecom operators have already carried out
analysis of economic efficiency, an analysis of the technical
network infrastructure by monitoring system, also conducted
a polls of subscribers for communication quality evaluation
and services satisfaction. But the analysis processes of three
components are isolated and are not included in the complex.

IV.  PARAMETERS DEFINITION OF THE KNOWLEDGE BASE

In the context of the degree satisfaction with the quality of
services assessment by end-users and the possible churn influ-
encing this process parameters are divided into the following
groups:

e  parameters characterizing the technical state of the
system,

e the cost of using voice and Internet services;

e quality of provided services.

To collect data as the sources of initial statistical data for the
task solution is proposed to use:

e for technical parameters - operator’s functioning mon-
itoring system;

e for economic parameters - available estimates of eco-
nomic indices at companies;

e for sociological parameters - available subscribers’
opinion poll at companies.

These data are combined into one or several tables in
accordance with the timing parameters for the formation of
a fuzzy base rule. To get an array of statistical data for each
parameter parameters calculation is carried by using existing
data, which were collected by the system. Structuring and
classification of these data allows getting a table (Fig. 2).

Based on the statistical data (data were presented in the
table) rules represent knowledge are formed (for example, the
forecast of degree change of customer satisfaction in the future
periods). These rules have the form of:
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Figure 2. Structuring and classification of data streams to form the rules of
fuzzy knowledge base (FKB)

<< IF Y2 AND Y3 ..., THEN Y1 >>.
Using these rules the analysis of the social component of
the network for the next period can be carried.

To solve the objective of satisfaction degree assessment of
quality of service by subscribers it is necessary to determine
integral index, which can characterize the quality of the
services and which can be obtained from the data network
monitoring system. Such parameter may be considered the
integral index of quality of network functioning.

A. Integral quality index calculation

To determine the integral quality index (KQI_D) it is
necessary to calculate such additional parameters:

e  Connection Success Rate - successful data connections
2G/3G, %

e  Connection Block Rate - the percentage of line lockout
due to overload

e  Connection Drop Rate - the percentage of breakages
data connections 2G/3G, %

e PS Attach Success Rate - the percentage of success-
fully completed procedures Attach 2G/3G, %

e  PDP Context Activation Success Rate - the percentage
of successfully completed activation procedures PDP
Context 2G/3G, %

e Speed DL - the average daily speed HSDPA of trans-
mitting data to the subscriber, kbit/s

e Iub Congestion - the share of 3G BS with high
overloads on Iub interface, %;

e Backhaul Accessibility - zonal transport network
availability, %

e DNS Success Rate - successful DNS resolution, %
e DNS Response Latency - DNS resolution time, ms
e  Peering Utilization - peering interface load level, %.

e  Backbone Abnormal Latency - exceeding the normal
delay between trunk transport network’s nodes, %

e wl...13 - weighting coefficients of parameters.

Fig. 3 shows the structure of mutual influences parameters,
which are components of the integral quality index.
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Figure 3.

B. Average means of use voice services of 1 minute for all
subscribers coefficient calculation

Average means of use voice services of 1 minute for all
subscribers coefficient (KVS) defined by (1):

P D
KVS = —, US_ R
t min

ey

where P = ) P;, USD - the total cost of all voice services;
t =),t;, min - the total time of all conversations.

The cost of one conversation is offered to calculate by the
following formula:

Pi:kt*(pc+ti*kd*po), USD,

where k; - subscriber’s tariff plan coefficient; p.,USD -
connection cost; #;, min - one conversation time; k; - call
destination coefficient; pg, USD - one minute conversation
cost.

C. Average means of use internet services of 1 MB for all
subscribers coefficient calculation

Average means of use internet services of 1 MB for all
subscribers coefficient (KVS) defined by (2):
1
kis =L, U0,
m MB
where I = )} I;, USD - the total cost of all internet services;
m =) m;, MB - total amount of used traffic.

@)

The cost of one internet session is offered to calculate by
the following formula:

I =k >X<ktype wmy * Ky x kg * Io, US D,

where k; - subscriber’s tariff plan coefficient; k), - traffic type
coefficient; m;, MB - amount of used traffic; k,, - day of the
week coeflicient; k4, - time of the day coefficient; Iy, USD -
cost of using 1 MB traffic.



D. Quality of services provided coefficient calculation

Quality of services provided coefficient is calculated by (3)

[4]. \
F = Zh, * Fl‘ (3)
i=1

where F; - partial quality index; h; - weightiness coefficient of
partial quality index F; , which is defined, as a rule, based on
subjective considerations and is normalized by k partial quality
index 5 h; = 1.

V. KNOWLEDGE BASE FORMATION

FKB is formed according to metagraph theory, that allows
forming knowledge base rules based on clear and fuzzy values
of its parameters [5].

Metagraph is generalized concept of graphic structures.
Formally, metagraph is range

<V,MV,E,ME >

where V - range of vertices; MV - range of metavertices; E -
range of edges; ME - range of metaedges.

Fig. 4 shows a modified decision making algorithm which
use FKB [6; 7]. This algorithm is the most common method
of inference in fuzzy systems using minimax composition of
fuzzy ranges, which is effective for ordinary (non-adaptive)
fuzzy systems.

Preventing churn| Development
Input
i {—————— cfconuol
variables .
actions

M T

Output + determination
of the most influencing
parameters

1 T

Defuzzification output
variables

Rule base
formation

Fuzzification of
input variables

N T

Aggregation of
subconditions

Accumulation
conclusions

Activation
subconclusions

Figure 4. The process of preventing churn

Thus, the object is achieved by fuzzy logic methods, which
use observed data in communication operator’s network as
input data. These methods take into account the combined
influence of clear and fuzzy parameters and use transition from
unstructured data to the FKB with clearly structured rules. It
allows to implement typical strategy for BD: data - information
- knowledge, and consequently significantly to reduce the
amount of calculations when transmitting and processing of
data.
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VI. CoNcCLUSION

An approach, that allows to complex analyze the degree
of subscribers’ satisfaction based on the change technical
parameters of the operator’s infrastructure, and economic per-
formances of the offered services is proposed.

The advantage of the approach is the use of the knowledge
base and rules generated by automated path instead of the large
amounts of processed information.

Further work will be connected with analysis and the deter-
mination of specific parameters (technical, economic, social),
that have the greatest impact on the process of subscribers’
satisfaction by provided communication services.
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BIG DATA B CUCTEME ITPEJOCTABJIEHI A
YCJIVI OIIEPATOPOM CBA31

Inoba JI.C., Ceerunckas E.C., Bompeaa E.A.

B pabote paccMaTpuBaioTcst 0COOEHHOCTH KOMILIEKCHO-
ro aHaJM3a CTEIEHU YJOBJIETBOPEHHOCTH aDOHEHTOB IIPH
IIpEJOCTaBJIEHUH YCJIyT OIIEPATOPOM CBSI3U C y4YeTOM Kak
TEXHUYIECKHUX ITapaMeTPOB HHMPACTPYKTYPHI IIPEIOCTaBIIE-
HUsI YCJIYT, TaK U SKOHOMHYECKUX XapaKTEPUCTHK CaMUX
ycayr. IlocraBiieHHast 3a/1a4a peIIaeTcss METOIAMH HEUeT-
KO JIOTUKH JIJIsT COBMECTHOT'O yUeTa BIUSHUS KaK YeTKUX,
TaK M HEYETKUX [1apaMeTpPoB. TakrKe MCIIOJIb3yeT Hepexos
OT HECTPYKTYPHUPOBaHHBIX JAHHBIX K HEYETKOIl Oa3e 3Ha-
HUH € YeTKO CTPYKTYPUPOBAHHBIMU IIpaBuyamu. JlaHHBIHI
110/IX0/1 II03BOJISIET PeaIn30BaTh CTPATEIHIO, XapaKTEPHYIO
nns Big Data: mannble — nudopMmarus - 3HaHud. Takas
cTpaTerns Mo3BoJsieT CYyNECTBEHHO YMEHBIINTH 00beM BbI-
qUCIeHUN Tpu mepegade u 00paboTKe TAHHBIX.





