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INVESTIGATING THE ROLE OF OBJECT AND CLOUD STORAGE IN MODERN
STORAGE TECHNOLOGIES

Abstract. The present article describes the functioning of object and cloud storage
technologies. It further investigates the differences between object storadmstig and block
based storage. The article also examines how object storage is corretatbd cloud
implementations and what is the role of these technologies in modern storage systems.

While hardware provides capacity for storing data and compute resources for determining
how fast the data can be read or written, the way that data is sits@dcharacterizes its
accessibility. Whereas file or block level storage are quite familiar approaches to storing data, when
we are talking about scalability and data analytics, object storage comes into play.

Object storage is a way of storing dataaaset of diverse instances or units called objects. All
objects are collected and kept within a single pool. To get a better understanding of the benefits of
object storage, |l etbds first take a | ook how i
File stoage keeps data as a single piece of information (file) in a folder, helping to organize it
among other data and creating what is called a hierarchical storage.

Block storage segregates a file into blocks of data and then stores these blocks aspsepesate

Each block has a different address, which means that there is no need in a file structure.

Object storage, on the contrary, keeps pieces of data as an object. To be more specific, object is
comprised of:

- Pieces of data that makes up an object

- Metadata of the data in the object

- Extended metadata to the object itself

- Unique identifier

The extended metadata is what brings the most value to object storage comparing to other
approaches of storing data. Since this metadata can be set by a userspaoygi@at deal of
simplicity and flexibility when it comes to storing and structuring large amounts of unstructured
data (i.e. media files) and holding data analytics.

In addition to the ability to perform custom analytics on the data set, object steragmified pool
with a single namespace allows it to be easily scaled by adding more storage to the pool becoming a
perfect fit for cloud storage.

Object storage can be implemented at the device level (adtfgetge device), the system
level, and the iterface level. When it comes to interfaces, these can be directly programmable by
the application, for example, Amazon S3 API.

Taking the benefits of structuring large amounts of unstructured data and simple scaling into
account, object storage found itmpglementation as a basis for cloud storage. Basically, clouds
utilize the RESTful API, an object storage protocol, to store a file and its associated metadata as a
single object. The REST application program interface allows to get, put, post, and dizlaieed
HTTP. As an example, Amazon S3 API, the Simple Storage Service provides a web services
interface to store objects by utilizing the Amazon online storage infrastructure.


mailto:7ckngm4d@gmail.com

Storing large amounts of data and moreover, serving it to multiple usarshalenge that
canot be simply resolved by traditional file
storage, by keeping data in a form of diversified objects each containing its metadata and unique
identifier, allows scaling as far as needdgereas maintaining simple data structure. In the era of
cloud determining infrastructure, object storage becomes its backbone.
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INVESTIGATING THE INFLUENCE OF SOFTWARE -DEFINED STORAGE, ERASURE
CODING AND HYPERCONVERGENCE ON STORAGE SYSTEMS DEVELOPMENT

Abstract. This article investigates the nature of SoftwBefined Storage, Erasure Coding
and Hyperconvergence technologies, their main features and characteristicghétr examines
how these technologies influence the development of storage systeandveasre The article also
provides a conclusion of what is expected from hardware storage in the modern era.

The concept and requirements of storage are chgmgpidly as new technologies appear.
Whil e primarily, storage hardware must hold vy
is to make it available. Taking a look several decades back, when it came to storage (and data)
availability, it was allabout the physical hardware regarding the capacity, compute power, and
network interconnections. So, to provision more storage to more users, you needed more hardware
components to interconnect the servers properly. When it comes to scalability, foplesxam
infrastructure comprised of different x86 servers makes the process complicated as each hardware
piece is managed with different software. Moreover, combining different hardware may become a
challenging task to make all components work in conjunatiith each other.

A great deal in simplifying storage accessibility was brought by the introduction of
SoftwareDefined Storage (SDS). As the term presumes, the technology abstracts the software layer
to define the hardware availability. Basically, SDfargs the control over storage requests to
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software. This provides the ability to flexibly manipulate how and where data is stored regardless of
the underlying hardware. To achieve this, SDS virtualizes data paths (block, file, or object) to
support appliations requests going to the storage and talks various communication protocols
(ISCSI, Fiber Channel, iISER) to achieve interoperability. The part of SDS, Sofbefired
Networking allows achieving the same goal on the networking layer. The abstraction of
communication between various servers to software part where VLANS, virtual switches are
responsi ble for interconnection is what all ow
and virtual machines needs first instead of managing the netwohdrdware. Ultimately, SDS

brings in manageability and flexibility when it comes to storage availability.

Back in the 80s, the availability of the data stored on storage systems war determined by the
hardware. The introduction of RAID technology (Redant Array of Independent/Inexpensive
Disks) allowed ensuring that data remains safe even when one or more (depending on the RAID
level) disks fail. However, with the growing demand on storage capacity, cutting it in half, for
example with RAID 10, becomesmply inefficient. To increase storage efficiency and decrease the
data reconstruct time, Erasure Coding has been introduced.

Erasure Coding is a software technology that is independent of the underlying hardware and
thus, can be implemented almost ary &ystems. The mechanics behind EC are to partition data
into sectors, expand them and encode with redundant data pieces and further store across a set of
different storage media both nods and disks. Erasure coding takes original data and encodes it so
that, when the data is needed to be restored, only a subset of the pieces is required to recreate the
original information.

In mathematical terms, the protection offered by erasure coding can be represented by the following
equation: n = k + m where:

- i ki®the original amount of data.

- Amo is the redundant data pieces (chunk
failures.

- Ando i s the total number of chunks creat

The EC is wuswually provi dedfwaBC 3%, thisaondans thaa t e
three extra chunks (m) would be added to the 3 original chunks (k). The 6 data fragments (n) would
be spread across 6 drives or nodes. The original file could be reconstructed from 3 verified
fragments. This technology granhigher storage capacity efficiency while delivering redundancy.
Additionally, the restoration process is faster comparing to RAID. However, the biggest limitation
of erasure coding is that it requires a lot of CPU resources for calculation, whichtedmslhigher
latency and lower performance during the restoration process.

The evolution of SDS allowetdking approach to the overall infrastructure one step further
from traditional compute and storage separated to a hyperconverged infrastructudeaTdehind
hyperconvergence is to provide both compute and storage capacity under a unifidhseDdS
management in a single box. The real benefit of HCI starts when combining multiple nodes in a
single cluster. Due to SDS, the all the resources areipechin a single shared resource pool with
centralized management. Such approach makes it much easier for system administrators to
distribute both compute and storage among various VMs or applications without having to deal
separately with storage, compyt@wer and networking stack independently.



While software technologies are evolving,
serve just a media for your data. Primarily, SDS grants the flexibility and simplicity that hardware
lacks. With softwag, determining the storage availability, the standard x86 hardware can be revived
to serve the needs of modern IT infrastructures. Basically, advanced software technologies
determine the direction in which hardware vendors should develop their offéreaysacity and
speed while resiliency, availability, and management are fully covered by the software frontend.
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METHODS AND PROTOCOLS OF LOCAL SENSOR NETWORK DESIGN

Abstract.The purpose of this article is to provide an analytical review of existing protocols
and methods to develop recommendations for their use in local sensor network deslassity
them according to a key criterion. To effectively achieve this goal, it is necessary to consistently
identify the features of the protocols, the stages of their interaction, the key features of the
classification.

We live in a time otontinuous development and wide opportunities, when every day more
and more new inventions appear. As a result, most afdéis are forced to move to a new level
the level of information technology, so as not to disappear as outdated. Now, almgstiryean
be done or learned using the Internet. Smart devices using the technology of Internet of Things have
been created that based on local sensor networks.

It should be noted that smart devices are sensors or actuators equipped withree res
microcontroller with a protocol stack, memory and communication device embedded in various
objects, such as electricity meters or gas meters, pressure sensors, vibrations or temperatures,
switches and other . Smart objects can be organized into a comptu@rk of physical objects
that can be connected via gateways (hubs or specialized IoT platforms) to the traditional Internet.
Computing networks of physical objects consist of smart sensors and actuators connected to a
computer network (personal, locaihd global) and controlled by a central controller (gateway or
loT Habs, or IoT platform).
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The 10T applies the technologies of wireless computing networks of physical objects with
low energy consumption, which include networks of small, medium andréomge (WPAN,
WLAN, LPWAN).

Common LPWAN longdistance network technologies include: LoRaWAN, SIGFOX and
Cellular Internet of Things (CloT).

One of the widely used technologies is LoRa, which is designed foirrémyg networks,
in order to transmit teteetry data of various metering devices (sensors of water, gas, etc.) over
long distanced.oRa is a modulation method that defines the physical layer protocol of the OSI
model. The LoRa modulation technology can be used in networks with different togotogle
various data link layer protocols. Effective LPWANs are LoRaWAN networks that use the
LoRaWAN link layer protocol (MAC link layer protocol), and LoRa modulation is used as the
physical layer protocol.The LoRaWAN network consists of end nodes (traesceor LoRa
modul es) connected wirelessly to hubs [/ gat e\
and an application service provider server. The network architecture of LoORaWAN isselieet.
LoRaWAN operates at OSI model level 2.

Two-way communication is used between the end nad#eger components of the
network. The interaction of the end nodes of the LoRaWAN LAN with the server is based on the
data link layer protocols. As the address, unique identifiers of devices (end nodes) qural uni
identifiers of the application on the application server are used.

The physical |l ayer of the LoRgBMAEwpyOtoeb
segment, which operates at the second level of the OSI model, is LoRa wireless modulatia, and th
link layer MAC protocol is LoRaWAN. LoRa gateways connect to the server of the provider or
operator using standard Wi / Ethernet / 4G technologies that are related to the interface layer of
the IP network (physical and data link layer of the TCPst#ek).

The data received from the end nodes is stored, displayed and processed on the application
server(onastandl one Web site or in the fAcloudo). Bi
data. Users using client applications installed on atpimamne or PC can access information on the
application server.

SIGFOX technology is similar to LoRaWAN technology, but it has some differences. The
main difference lies in the modulation methods that define the protocols of the physical layers of
these etworks. SIGFOX and LoRaWAN technologies are competitors in the LPWAN market.

Competitors in the LPWAN market are CloT and G5 technologies. They are designed to
build wireless LPWAN cellular networks based on the existing infrastructure of cellulatapera

WPANS include wireless sensor networks based on 6LOWPAN technology. These
networks are selbrganizing and selfiealing mesh networks with routing that have a mesh
topology. RPL (Routing Protocol for LoRower and Lossy Networks) is used as a nguti
protocol.

The essence of the work of computer networks of physical objects in 10T based on the
6LOWPAN protocol stack is as follows: data from the sensor is input to the microcontroller (MK), it
processes the data coming from the sensor based onpglieaton program (End Nodes
Applications), which was created by the network developer API specialized OS microcontroller.

To transfer the processed data to the network, the End Nodes Applications application
accesses the application layer protocol ofrtirerocontroller OS protocol stack and transfers data to
the physical layer through the stack of protocols 6LOWPAN. This will ensure the connection of
"smart” devices with low power consumption to the Internet by routers, and not by specialized IP
gateways Since lowspeed networks with the 6LOWPAN protocol stack for devices with limited
capabilities are not transit networks for IP network traffic of traditional Internet, they are the final
networks in 10T and are connected to the Internet via Border soatelEdge routers. The border
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router interconnects the 6LOWPAN network with the IPv6 network by converting the IPv6 headers
and fragmenting messages in the adaptation layer of the protocol stack.

It should be noted that in 0T, along with the use of d¢leechnologies, cloud computing
technologies are used. This is due to the fact that in the cloud model used in 10T, the weak point is
the bandwidth of the communication operators' channels, through which data is exchanged between
the cloud and smart deviEeof computer networks of physical objects. The concept of cloud
computing involves the decentralization of data processing by transferring some of the work of
processing them and making management decisions from the "cloud" directly to the computing
netwaks of physical objects.

Conclusion

Local sensor networks in the Internet of Things is a promising concept thatdaydieen
actively disseminatedout this is a concept about which there is no single view, hence a series of
barriers to its developmenthe Internet of Things and its applications involve a large number of
devices involved, which imposes restrictions that traditional communication protocols are not ready
for. The descriptions of the protocols clearly illustrate the noticeable differbat@sen them. The
presented example of classifications by key parametieectivity - is primary. Given that there are
overlapping protocol application areas, it is possible to use different approaches to benchmarking
protocols.
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PRINCIPLES OF HETEROGENEOUS SENSOR NETWORK INTEGRATION

Abstract. The paper considers the issaad principlesof heterogeneous sensor network
integration. Wireless sensor netwarkanlike conventional computing (wired and wireless)
networks, have many advantages as total absence of any eadétrical, communication, etc.;
the possibility of compact placement or even integration of mots into environmental objects;
reliability of both individual elements and, more importantly, of the whole system; in some cases,
the network can operate with only-20% of sensors (mots) in good condition.

Network topology

The presented topology corresponds to the message design pattern, chlisdepu
subscriber (pub / sub). Such a scheme introduces the notion of a publistmirce of information
- and a subscriber its recipient. The term "subscription" is associated with a specific operation
performed by the participants of the templat®iider to obtain information by the subscriber from a

12


https://software.intel.com/en-us/articles/iot-path-to-product-how-to-build-the-smart-home-prototype/
https://software.intel.com/en-us/articles/iot-path-to-product-how-to-build-the-smart-home-prototype/
mailto:harakiridaikiri@gmail.com

particular publisher, as well as to streamline the collection of informatibe parameters of the
periodicity of acquisition and similar (depending on the implementation) indicators.

Broker
,'.-‘L\\
_ Aep
o

Figure I Sersor network topology

In this case, the situation is considered when the sensor node combines information from
several sensors and sends it according to the parameters of the subscription either upon request,
either independently with a specific time intalr or after an event occurs to the server. Usually the
sensors themselves are ratlpeimitive; their tasks are reduced to the constant transmission of
information about the monitored parameter. Therefore, it becomes necessary to combine the sensors
into nodes equipped with microcontrollers, which will be responsible for reading the measured data
and sending them using predetermined algorithms further to the server. This topology is also
designed to include a broker. A broker is a server that receivasnation from publishers and
transfers it to the appropriate subscribers. In complex systems, it can also perform various
operations related to the analysis and processing of incoming data. A broker can prioritize messages
and form gueues for message traissmon. Thus, the broker organizes the transfer of messages,
their storage and filtering.

Touch node- touch node

DDS (Data Distribution Service) protocol is used to ensure communication between sensor
nodes / sensors. The DDS protocol distributes dataeeet devices. DDS implements direct bus
communication between devices based on the relational data model. The DDS protocol implements
a multicast system using UDP. This protocol is oriented to the pubBsibscriber pattern, while
the transmission of mseages is made via the bus using the reg@sgtonse method. The operations
performed by the protocol are defined by thirteen classes (Entity Class, WaitSet Class, Condition
Class, Publisher Class, DataWriter Class, Subscriber Class, DataReader Cla€yn&é&ad
Class, QueryCondition Class and others).

DDS is designed to communicate sensor nodes / sensors, combining them with a direct bus
connection and providing a multicast system.

Touch node broker

Several tasks are implemented in this area, for ex@mspkch as registering a sensor node;
node configuration and settings; transmission and distribution of information, etc. The following
two protocols can be used on this network segment.

Relatively small personal networks use the XMPP protocol.

XMPP (Extersible Messaging and Presence Protocol) is an extensible messaging and
presence protocol.
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For networks with limited resources, low power consumption is more suitable protocol
COAP.

COAP (Constrained Application Protocol) is a specialized transmission plateeeloped
by the IETF working group CORE, created for networks and devices with limited resources, M2M
applications, etc. COAP can be considered as an addition to HTTP, but unlike HTTP COAP is
intended for use in devices with certain limitations. CQ&Bs UDP transport protocol.

Broker server

The MQTT (Message Queue Telemetry Transport) protocol is, as the name implies,
intended for telemetry and remote monitoring. It is used to exchange messages between devices on
a fNpuluibsken be whg devicssites send ard Irezeive data when a certain event
occurs. MQTT is a binary messaging protocol that involves publishing / subscribing using TCP
transport. For networks using equipment from different platforms and allowing the use of a simple
messamg protocol, you can use STOMP.

STOMP - Simple (or Streaming) Text Oriented Message Protocol is a simple messaging
protocol that involves extensive interaction with many languages, platforms, and brokers.
Summarizing this section, we note that you can hsth of the MQTT and STOMP. It is only
necessary to clarify that the MQTT protocol provides “gmdnd" communication, both from
broker to sensor nodes, and from broker to server, whereas STOMP protocol is focused only on the
broker's interaction with ghserver.

Server application

At this site, tasks related to user and system interaction are performed: obtaining information
from the server; configuration of parameters by the user (frequency of obtaining information,
activation / deactivation of sens@sd nodes, etc.) and others.

For a distributed computing environment, for Web services, the most commonly used protocol is
SOAP, since this protocol has an RPC (Remote Procedure Call) access mechanism, which is
responsible for remote function calls.

SOAP Simple Object Access Protoceln protocol for exchanging structured and arbitrary
XML messages in a distributed computing environment

SOAP supports two access mechanis@®AP RPC and SOAP Message.

With just a few messages (Get; SOAPAction, SOAPAcResponse) implying a request
response, the protocol can be used with any applickiat protocol: SMTP, FTP, HTTRnd
HTTPS

Conclusion

Based on the analysis we can draw the following conclusions about integration of
heterogeneous sensor networks. Mostthe protocols considered use TCP transport, which
provides the necessary level of reliability. DDS protocol provides control of the "viability" of
network elements, the detection and use of resources, as well as synchronization. MQTT protocol
supports gality of service, provides verification of message delivEMPP supports searching for
names in the huge Internet of Things database, but its addressing method is more suitable for small
networks.

At the moment there is no possibility to draw any cosiciais or assess the requirements of
each of the protocols to the physical level of the implementatystem;unfortunately, similar
aspects are not reflected in the specifications. It can be assumed that this is due to the diversity of
possible topologiesf the Internet of things, the lack of implementation frameworks and thednifi
standardization as a whole.
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DEVELOPMENT OF INFRASTRUCTURE AS CODE IN AWS CLOUD

Abstract. Work calls to the problem of development of codeafoinfrastructure, using a
common language so that you can describe and provide all resources of infrastructure in the
environment of cloud. Cloudformation allows to use a simple text file you for an automatic and safe
design and to provide all resourcésat need you for your applications in all regions and accounts.
This file- only source of true for your environment of cloud.

How it works

|
[ |
Code your infrastructure
from scratch with the
CloudFormation template language,
in either YAML or JSON format,
or start from many available
sample templates

Use AWS CloudFormation AWS CloudFormation
Check out your template via the browser console, provisions and configures
code locally, or upload it command line tools or APls the stacks and resources
into an S3 bucket to create a stack based you specified on your
on your template code template

Amazon AWS laaC Services Maintenance of Orchestration provides the orchestration
based on tepiates, to describe regional application, starting Openstack API, rings, to create the
current appendixes of cloud. Software unites other main components of Openstack in the only
template system. Templates all@reatingthe most types of resources of Ogick you, as for
example standards, floating addresses of IP, volumes, groups of safety, and users. It also provides
the extended functional possibilities as for example high fitnas), (automatic calculation of
copy, and inlaid stacks. It allows to th@ain projects of Openstack to get the greater amount of
users. Service is included for integration with maintenance of orchestration directly or through the
special expansions.

Maintenance of orchestra consists of the following components:

1 Heatis a commnd line of client of a cloudformation
1 heat- CLI, that binds to heatapi, to manage API Cloudformation AWS
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1 heat- cli, that is associated with headpi, to manage API Cloudformation AWS
1 heat is an ary componentOpenstack is native REST of API, th@bcesses the queries of

API sending them to the engine of heat, using the feature of Remote Procedure (RPC) Call.
f  heat- api is a cfn component

1 AWS Query of API, a compatible with AWS Cloudformation is Processed by the queries of
API sending them in RC heat machine

Example of code to build a part of ifrastucture with help of CloudFormation.

"AWSTemplateFormatVersion": "2010-09-09",
"Description™: "This template create a lambda function and use it to create interface VPC endpoint",
"Metadata": {},
"Parameters": {

"VPC": {

"Description™: "VPC ID",
"Type": "String"

|3
"Subnet": {

"Description": "Subnet ID",

"Type": "String"
3
"SecurityGroup": {

"Description”: "Security group 1D",
"Type": "String"
3
"Servicename": {

"Description”: "Service name to create inetrafce endpoint",
"Type": "String"

}
}

"

Resources": {
"LambdaRole": {
"Description”: "IAM role to allow Lambda permissions to create interafce endpoint”,
"Type": "AWS::IAM::Role",
"Properties™: {
"AssumeRolePolicyDocument™: {
"Version": "2012-10-17",
"Statement": [{
"Effect": "Allow",
"Principal": {"Service": ["lambda.amazonaws.com"]},
"Action": ["sts:AssumeRole"]
1]
2
"Path": "/",
"Policies™: [{
"PolicyName": "root",
"PolicyDocument": {
"Version": "2012-10-17",
"Statement™: [{
"Effect": "Allow",
"Action":
"ec2:CreateVpcEndpoint","ec2:DeleteVpcEndpoint","logs:CreateLogGroup","logs:CreateLogStream","logs:PutLogEvents
",
"Resource™: "*"
1
}

16



1]
}
2
"LambdaFunction™: {
"Type": "AWS::Lambda::Function"”,
"Properties": {
"Code": {
"ZipFile™: { "Fn::Join": ["\n", [
"import boto3",
"import json",
"import os",
"import cfnresponse”,
"def lambda_handler(event, context):",
" client = boto3.client('ec2")",
" responseData = {}",
" responseValue = client.create_vpc_endpoint(",
In this example, Using AWS Lambda and CloudFormation Custom Resources we can go

around this limitation, lowing the creation of the VPC interface endpoint from within a
CloudFormation Stack.l nterface VPC endpoint enables you to connect to services provided by
AWS PrivateLink. By default, CloudFormation d
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Figure 1. Creation of infrastucture with help of cloudformation
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The suppliers of decision of Cloud all®strengthening/ou internetbased calculable power
and space on a disk. Benefits from this appreambailability (an user pays only for resources that
needhim) and ability flexibly to measure. Clients are facilitated from a necessity to create and
support their own calculable infrastructure. According to experts, the use of technologies of cloud in
many cases can shorten expenses two three times compaithbleawntenance of his developed
this own structure. NIST the USA set obligatory descriptions of the followinglamid is Sekl
service on demand (sedervice on demand), a consumer independently determines and changes a
calculable necessity without -@perating with the representative of supplier of services

Conclusion

Infrastructure as service (laas, Infrastructure as Service). In this level, a consumer can
independently construct the Infrastructure of IT in a cloud and manage this. For example, create
virtual networks, add a virtual equipment (servers, depositories, databases), install the applied
software and necessity of the operating systems for work, id est, use a cloud as if it were the real
infrastructure of IT of educational establishment. Moatmdus laas- solution: Amazon
CloudFormation, Google Compute Engine, Windows Azure
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THE SOLUTION FOR MONITORING THE ACTIVITIES OF CALL CENTER
OPERATORS

Abstract Thepaperconsiderghe issueof monitoringthe activitiesof call centeroperators.
Proposedsoftwareallows any type of enterprisethat usesliP PBX telephonyto monitor the call
agentsrelatedinformation,bothreal-time dataand historical statistics which helpsto measureand
improvethecall centerperformance

Call centermonitoringis the continuousprocessof datacollection,analysis,andfeedback.
First, you gatherdatapertainingto your call centrés performancgemployeeefficiency, customer
attrition, speedines®f execution,etc.), then gain insight from it, and then implementchange
relativeto thatinsight.Finally, you startoverfrom thetop.

A successfutall centermonitoringstrategydirectly affectscustomersatisfaction,employee
retention,andyour bottomline.

In this paper,we proposea solutionthat allows exportingcall agentand CDR datafrom an
IP PBX basedon Asterisklike coreto pretty much any desiredreportingtool, transformingand
parsingit in the process.

Pros:

- Flexibility - Logstashpipelinesallow parsingand modifying datain any way desired,
accordingto the needsof the client. End usercanthenselecta preferredUl (reportingtool) that
fulfills theirsrequirements;
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- Security - a compkx authorizationprocessinvolving a third party mentor and SSL
certificate basedconnectionguaranteeshe safety of information. All componentsare locatedin
AWS cloudinvolving their breachproof networkingandaccesgoints;

- Variability - numerousavailablemonitoringtoolsfor the endcustomethatutilize SQL or
Elasticbackend.

Cons:

- The complexityof configurationandusefor non-advancedisers(althoughw e 6nnaking
progresdransforminghesolutionintoad b | ka @ edvice).

Featuresof the solution strongly dependon the reportingtools used,but hereare some
examples:

- Dynamicallyaddcall groupmembers;

- Seethe actualSLA for eachcall groupbasedon the parametershat you havesetup and
theaveragevaiting time;

- Monitor the presenceandactivity statusof eachcall groupmember;

- Receivetheinformationon the numberof agentan a call group(total number,numberof
userswho arefree,pausedandtalking on the phone)andon thetotal numberof treatedcalls;

- Seetheidle time andconversatioriime for eachgroupmember;

- Seethe information on active calls with relative conversatiorand waiting time, andthe
numberof callsin queue;

- Seetheinformationon eachcaller (bothfor activecallsandcallsin queue).

IP PBX
Core
(Asterisk)

MySQL

Elastic " Kibana

Figureli Featurestackstructure

Conclusion. Rapidly overtakingthe market, cloud basedIP telephonyrequiresmodern
monitoring solutions that are foolproof, secure,versatile, scalableand have a wide variety of
availablefunctions.All of therequirementsnentionedabovearemetin thedescribedsolution.
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THROUGHPUT AN ALYSIS OF THE MIMO COMMUNICATION CHANNEL IN
MODERN COMMUNICATION SYSTEMS W ITH IT DIFFERENT CONFIGURATIONS

Annotation. In this work the problem of increasing throughput is investigated by increasing
or decreasing the number of antennas at the input or outgifferent communication systems.

The main trend of today is the receipt by users of multimedia services and access to the
Internet at any time in any place using different radio access networks. The main problem of
realizing current trends in wirelesemmunication is the problem of increasing the data rate in a
radio channel. These methods include the use of MIMO technologies, which involve the use of
multiple antennas on the transmitting and receiving sides of a radio channel and the use of different
methods of signal diversity such as, for example, angular, polarization, spatial. In conditions of
multipath propagation of radio waves and a limited frequency resource, it is important to search for
ways to increase the information transfer rate witheereasing thédandwidth of wireless systems.

The purpose of this workis to increase the throughput of communication MIMO channel
by dfferent antenna configuration.

This goal is achieved by solving the following research tasks

-Achievement max throughp parameter value in MIMO systems

-Analysis of modern MIMO communication systems

-Achievement max throughput parameter value in different communication systems.

-Ecological sphere (green communications)

Operators can use the knowledge gained from amgjyscanning receiver MIMO data to
improve conditions in the current network through antenna and eNodeB adjustments. Scanning
receiver data can also be used to evaluate the performance of UEs and eNodeB MIMO mode
selection. Finally, accurate data on npadth conditions in existing LTE networks can lead to better
planning of future MIMGcapable networks. This knowledge will become increasingly valuable as
more users depend on LTE to provide the data rates they need for wireless applications from mobile
barking to highdefinition video streaming. Operators that maximize the performance of MIMO in
their LTE networks will be able to provide the best service to these users with the smallest amount
of infrastructure investment, providing a clear competitive athge in both price and quality of
service.

Where there are more than one antenna at either end of the radio link, this is termed MIMO

Multiple Input Multiple Output. MIMO can be used to provide improvements in both channel
robustnesss well as channgéhroughput.
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Channel matrix on transmition side

ES
SISO C = log, (1+ Eag)

1

MIMO
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Table 1- SIMO, MIMO, SIMO, MISO formulas with channel matrix on transmission side

In modern communication systems, for example, in cellular communicatsbenss, high
speed local area networks, etc., there is a need to increase throughput. Bandwidth can be increasec
by extending the bandwidth or increasing the radiated power

NT M NT M NT M
171 1711 1711
21 2 171 2 311
313 11 4 51 1
41 4 116 711

Table 2.1 The ®@nfiguration of antennas on the transmitting and receiradg link sidefor
LTE standard

For calculation MIMO cannel capacity with N = M can be used formula

Cumo = M., log,(1+ SNR), bps,

Nevertheless, the applicability of these methods is limited duthdorequirements of
biological protection, limited power of the power source (in mobile devices) and electromagnetic
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compatibility. Therefore, if in the communication systems these approaches do not provide the

necessary data transmission speed, thengb®f adaptive antenna arrays with weakly correlated.
Denote the channel transfer function of between thin fransmitting antenna and the

[ -th receiving antenna dgy,;, then the MMQGchannel transfer function can be described by the

matrxk H wi th di mensi on NT M

hy;  hyy - hyy
H = h:zi }:122 h:::x:

h3.11 h)-i:"' h).m

In this work throughput parameter is considered. Throughput of communication system is a
maximum transmission speed of information with which the lowest error probability is obtained. It
can be established by inestng number of antennas on transmitting and receiving side. In this
work throughput of LTE, HSPA and WAi MIMO communication system is considered. We can
see that by increasing the number of antennas from 3 to 4 on receiving and transmission sides
throughput of MIMO communication channel increased from 20 till 28% for optimal value as SNR
in 20 dB. And this percentage is the same as for different values of SNR with fixed frequency band
and vice versa, for different values of frequency band with fixed SN&we can see in ki
case, that by increasing the number of antennas from 3 to 4 on transmission side, throughput
increased on 27% for 20 dB of SNR.
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