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Abstract-The paper covers main message broker
protocols and the patterns which are used to manage
technical problems. The article provides the reader with
typical software engineering design issues which might lead
to  conceptual violations, software non-functional
requirements nonconformity, which is high coupling
problem, synchronous operation performance loss, and
system constituent integration problem. The solutions which
come as a result of applying messaging are brought covering
each problem above, in particular establishing the
communication between loosely coupled applications,
researching the application performance speedup with the
Amdahl’s law and applying Read Model architectural
pattern leveraging message brokers capabilities.

Keywords — messaging, asynchronous operations, Amdahl’s
law, protocol, application integration.

L INTRODUCTION

Enterprise applications are applications that display,
manipulate, and store large amounts of data and support or
automate business processes with that data [1]. Such
applications usually consist of separated modules, services
or even clusters of services that handle business tasks
differently. Taking into account the complexity of the
architecture, there is a requirement to support integration
between the components of the system. The idea of
message brokers has come about as an adequate and
flexible solution for this purpose.

The message brokers are a good instrument for
resolving typical computer system problems. Section II
describes the main messaging concepts and addresses the
papers of the scientific field covered. Section III presents
which issues can arise during the application development
process. The practical solutions of them are presented in
section IV which are aimed to solve distributed services
communication ones in addition to centralizing distributed
data via the messaging capabilities.

1L

The Message broker is an intermediate software that is
responsible for sending the messages of a format defined
between software components using the specific protocol,
commonly MQTT (Message Queuing Telemetry
Transport), STOMP (Streaming Text Oriented Messaging
Protocol), AMQP (Advanced Message Queuing Protocol).

LITERATURE REVIEW

Messaging systems typically involve the introduction of
an intermediary between the two systems that
communicate in order to further decouple the sender from

the receiver or receivers. In doing so, the messaging system
allows a sender to send a message without being aware of
receiver, whether it is active, or indeed how many instances
of them there are [3]. Different techniques (in other words
— patterns) exist to achieve this goal, namely:

e Publisher-subscriber.
e  Exclusive point-to-point.
e RPC (Remote procedure call).

The message is the amount of data that is considered to
be exchanged. Usually, messages are restricted in size.
Besides, there are different messaging publishing modes:

e Exactly-once i.e. the message can be delivered only
once.

e At-least-once i.e. the message can be delivered
multiple times with duplications.

Messages can be persistent on non-persistent which
denotes that after message broker’s breakdown there is the
technical opportunity to redeliver messages or not
respectively.

Message can contain properties and headers. Message
properties are specific message characteristics, for instance,
priority or content type.

Headers are message characteristics that can be flexibly
changed. In opposite to message properties, headers can be
taken into account by a broker to resolve the recipient.

Publisher-subscriber pattern brings the concepts of
sender, receiver, message, and topic.

Publisher and Subscriber are the nodes of
communication that exist in the many-to-many
relationship; the nodes are responsible for sending and
receiving messages respectively using exchange topics.

Exchange topics are string values that are used by the
message broker to identify which subscriber is intended to
receive a message that has been sent. The publisher sends a
message to the broker with the exchange topic, the message
broker resolves which consumers are capable of receiving
the message.

Exchange topic key can be specified by consumer
either as a direct value of the topic’s name or following to
the pattern.

It is assumed that a single message can be delivered to
multiple receivers.
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The exclusive point-to-point patterns used in case the
publisher needs to send a message to only one message
consumer. Even though multiple consumers may be
listening on the queue for the same message, only one of
those consumer threads will receive the message [4].

Fig. 1. Publisher-subscriber pattern typical infrastructure

The single message is delivered to exactly one
consumer, the order of messages remains consistent.

Fig. 2. Exclusive point-to-point pattern typical infrastructure

RPC pattern is an extension of the exclusive point-to-
point pattern. As opposite to other mentioned messaging
pattern, two-way communication exists between sender
and receiver. For this purpose, usually two different
channels are created, specifically for request and reply
messages which are treated as a single request using the
identifier — the correlation id.

Application
sender

Application
receiver

Fig. 3. RPC pattern typical infrastructure

Message brokers are actively used both in a single
computer system environment and distributed one
implementing different patterns. Jun-Young Byun at el.[5]
proposed a DMBS cloud ecosystem with the underlying
publisher-subscribe pattern. The deployed infrastructure
can rapidly process messages enhancing the message
response speed within multiple regions. Despite the
extensive messaging service has been built up, the data was
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separated and accessing cross-cutting data
additional resource expenses.

implies

As the article investigates the asynchronous processing
using the RPC pattern, the proposed research of el.[6] have
been taken into account. The combination of Grizzly
framework for the HTTP server and Jersey server has been
taken as a target of the review. However, much of the work
depended more on the programmatic Java application
solutions, particularly depending on the Java thread pool
limitations rather than focusing on moving parallel
computing to the message broker instances. Therefore, end-
to-end latency measurements might have had different
results.

A. MQTT protocol

MQTT protocol (which stands for Message Queuing
Telemetry Transport) is a lightweight real-time messaging
protocol which leverages Publisher-Subscriber pattern to
deliver messages in binary format using underlying TCP/IP
protocol.

The lightness of the protocol is achieved by low packet
size overhead which varies from 1 byte to 256 megabytes.
In addition, implementations are designed to support low
power usage. The protocol is also designed so that the
implementation ~ should  consider limited network
bandwidth and high latency.

Taking into account abovementioned, the protocol is
commonly used in communication between smartphones,
IoT (Internet of Things) devices, routers, etc.

The implementations of the MQTT protocol include but
is not limited to Eclipse Mosquitto, eqmtt, VerneMQ.

B. STOMP protocol

Streaming Text Oriented Messaging Protocol as its
name suggests is a text-oriented messaging protocol. The
protocol leverages the publisher-subscriber pattern and is
designed to be simple to use. The topics are called
destinations.

The protocol has plenty of implementations, for
instance, ActiveMQ, RabbitMQ, Stampy.

C. AMQP protocol

AMQP (Advanced Message Queuing Protocol) is an
application-level binary protocol that leverages underlying
TCP (Transmission Control Protocol) to asynchronously
stream messages across the network in the binary format.

Comparing with MQTT and STOMP, AMQP is quite
extensive and provides a wide range of capabilities for
applications.

Transmitted data can be encrypted using TLS
(Transport Layer Security). The protocol supports
consistency by implementing the features of delivery
acknowledgment, atomicity in a single queue though
without complete transaction support (For instance,
RabbitMQ implementation of the protocol enables
transaction support within message publish,
acknowledgment, reject while resource creation/deletion
such as queues and exchanges is not implemented to be
transactional). AMQP also guarantees that messages that
have been published in a specific order will be delivered to
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consumers in strictly the same order despite the count of
the consumers.

AMQP support all message publish modes which were
mentioned earlier as well as the patterns.

Taking into account all of the above, this protocol is
preferred to be used in enterprise applications.

A typical implementation is RabbitMQ.
111

In order to understand the reasons for introducing
message brokers, the following concerns should be
researched: component decoupling, a disadvantage of
synchronous operations and the complexity of new
components integration.

PROBLEM FORMULATION

A. Component decoupling

The statement ‘High cohesion, low coupling’ is a
principle of General Responsibility Assignment Software
Patterns. The lower the strength between the system
constituents, the more system is considered to be decoupled
[2]. In terms of enterprise applications, it is represented in
the following: code dependencies, remote invocation
dependencies within the range of protocols (HTTP[S],
TCP, SOAP, etc.)

Given a component A that references component B
which itself references component C and A, and the
following chain of calls should be performed in order to
send an arbitrary message to component Z. Such an
example structure is a typical example of a highly coupled
system.

The problem is how to avoid code dependencies
regardless of whether components belong to a single
application or not.

B. The disadvantage of synchronous operations

Synchronous operation A is an operation that is
executed by a program that does not allow to proceed with
the program execution to operation B until A has been
executed. In other words, synchronous operation blocks the
current thread. The examples are I/O operations, HTTP[S]
request.

Asynchronous operation is an operation that does not
block the current thread.

Making time-consuming operations asynchronous, the
application can be considered responsive. Such
applications leverage parallelism or parallel computing.

Parallel computing is a type of computation where
operations can be executed simultaneously (in parallel).

In terms of enterprise applications, the example of a
long-term synchronous operation that takes a relatively
significant amount of time is sending an email.

The problem is how to make synchronous operations
viable regardless of whether components containing long-
running operations belong to a single application or not?

C. The complexity of new component integration

Integration of a new component partially coincides with
component decoupling. Enterprise applications rarely
consist of a single executing instance. In contrary, specific

standalone features that are not related to core ones, are
usually developed in the different application instance. In
this case, the architectural concern arises: how should new
component response different kind of events happen in
core application and vice versa?

Another integration problem lies in migration data from
one database probably outdated and not supported to a
different one. The issue takes place in real-time
applications that should handle current data and have an
opportunity to merge old ones live.

IV. METHODS AND ANALYSIS

Messaging could be brought as an instrument for
solving abovementioned problems.

Dealing with decoupling of the application components
leads to referencing the message broker instead of the other
components itself. Component A is no more responsible
for determining which nodes are considered to be the
receiver of a message, how to handle receiver breakdown,
how much receivers exist, should receiver accept the
message or not. Instead, the component simply pushes the
message to the direct topic name or pattern topic name and
a message broker delivers it to component B, C, etc. The
topic listener components which can either subscribe or
unsubscribe the topic define the dependency on receiving
the message itself. The breakdown of a node listening to a
message causes the broker to redeliver the message as
many times as it is configured. Moreover, different channel
topics distinguish the receivers of an event.

Fig. 4. Example of component decoupling

Message brokers are good candidates for bringing
asynchronous  processing  into  the  application.
Implementing a channel listener automatically makes the
processing asynchronous, in other words, the message
broker client has brought parallel processing. Moreover,
the message broker-client decreases the overhead of
implementing asynchronous processing through multiple
instances with publish-subscribe patterns.

The advantage of paralleling the tasks per task type can
be described with the Amdahl’s law. Amdahl’s law
represents a relation between the speedup and a workload
that can be anticipated from a system or component. The
law is represented in the following formula:
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> (1-p)+% @

where

®  Staency is the theoretical speedup of the execution of
the task;

e sis the speedup of the part of the task that benefits
from improved system resources;

e pis the proportion of execution time that the part
benefiting from improved resources originally
occupied.

The message brokers are beneficial in integrating new
components into the existing system, especially in
microservice architecture applications. Asynchronous
response to existing system business processes can be
implemented via changing new components in a way that
new application components are subscribed to data
manipulation operations from the core application to keep
internal data consistent or to reflect outer changes in the
internal application.

Fig. 5. Example of handling events

A more detailed example of integration new component
with messaging lies in terms of the application system
containing multiple instances which domain field is
intersected among multiple services. In this case, data
duplication becomes an inviable solution as inconsistency
develops. Messaging can be applied to implement Read
Model together with the event-driven approach. In this
scenario, each microservice that has own domain logic
should publish an event in case of successful data change
to the dedicated channel. Thus, the number of events will
come into existence which can be eventually be consumed
by a single read model service. This service will be
responsible for storing cross-data database records that can
be queried by multiple services at a time, bringing eventual
consistency into the system as asynchronous processing of
each event needs the amount of time to be delivered to read
model service.

Database data migration can be achieved in a live
microservice  production  environment  leveraging
messaging. Each service that needs data to be migrated in
addition to already existing one usually is capable of
creating the same type of data. This can become a point of
integration being adapted and injected into channel listener,
that will deliver domain entities from the outdated data
source to a new one. For this purpose, additional
integration microservice should be deployed that will
publish data on command.
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Fig. 6. Example of using CQRS pattern with underlying messaging

V.  RESULTS AND DISCUSSION

During the research, a single environment has been
deployed with a microservice architecture approach
application which resulted in the following findings.

Investigation the actual performance growth, consider
RPC pattern implementation with the task X that comprises
executing tasks A which lasts for 0.2 seconds, task B which
lasts for 0.5 seconds and task C which lasts for 0.3 seconds.
Assume that tasks B and C can be executed in parallel. In
total, tasks B and C last for 0.8 seconds, hence they
constitute 80% of task X. Hense, from the equation (1) p =
0.8. As tasks, B and C executing in parallel would end not
earlier than the amount of the execution of the longest
time-consuming task (here — within 0.5 seconds), the
speedup of paralleling the tasks can be evaluated as 0.5
compared with 0.8 seconds of sequential executing.
Hereof, the proportion of execution time that speedups can
be calculated as 1 + (0.5 /0.8) = 1.625 which is s from the
equation (1). Taking into account abovementioned,
Amdahl's law states that the overall speedup of applying
the improvement will be:

S=———— = 1.44 = 449 2
(1-0.8)+ = % @
1.625
Talking about the integration improvements, there are
the following drawbacks of using message brokers:
increased infrastructure support complexity and an
additional point of failure in addition to the denormalized
data usually residing in separate microservices.

As regards leveraging message brokers to applying the
read model - the drawback of the stated approach is
increased demand for the messaging event store as well as
the need for additional monitoring for message broker
availability. Transactional ACID properties could not be
achieved as well (Atomicity, Consistency, Isolation,
Durability) remaining the system consistency act within
BASE consistency properties (Basically Available, Soft
state, Eventual consistency).

VI. CONCLUSION AND FUTURE WORK

As computer systems grow, the need in responsive,
scalable and supportable application increased. The
messaging approach has been developed to accommodate
classic and modern software application patterns that are
employed to maintain engineering maturity.

Messaging enables new architectural patterns that bring
additional effort to implement and maintain. However, the
message broker requires taking measures to guarantee high
availability and broker instance monitoring.
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In this article, we addressed the message broker design
overview and hands-on examples of design solutions that
can be integrated into an enterprise application. From the
practical point of view, performance investigation between
different messaging patterns should be considered when
implementing one into the existing application as a
program system varies with the application domain and
functional requirements. Besides, testing of the system
services which have underlying messaging usage is the
point of the consideration to act within application non-
functional requirements.

The results of the work can be used in the field of
integrating heterogeneous systems; environments that
require benefits of using parallel computing.

(1]
[2]
[3]
[4]
[5]

[6]
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BIII'YK
Ha arecTaniiiny poboTy MaricTpa
cryaenta rpynu [13Cm-18-1Amyxrina Brangucinasa IennajifioBda
crenianbHicTs — 121- [mKeHepis mporpaMHOro 3abe3neyeHHs
oCBiTHBO-TIpOdeciitna mporpama «IIporpamue 3a6€3MEUEHHS CHCTEM)
«JT0CTTiDKeHHS TeXHOJIOTiH T2 METOMIiB 06MiHy JaHUX B KOPIIOPAaTHBHUX CHCTEMAX 32 OMOMOTOI0

OpOoKepiB MOBITOMIIEHDY.

Artecraniiiga po6ota marictpa Amyxtima B.I'. mpucpgueHa JIOCTiKEHHIO TEXHOJIOTIH Ta
METO/IiB OOMiHY JaHHX B KOPIIOPATHBHHX CHCTEMaX 3a JOMOMOI0I0 6pokepis nosizomyes. Haykosa

HOBH3HA OTPHMAHHX Pe3yJbTaTiB JOCTiKEHHS MOJIrac B TOPIBHSAHHI IIBHIKOCT BiIryKy CHCTEMH,

CKIAMHOCTI TIATPHMKM KOMII'IOTEPHHX CHCTeM Ta IHIIHX npobeM po3poOKH pasoM 3
BUKOPHMCTAHHSM OpOKepiB MOBiJOMJIEHb. Pe3ynbTaTd JIOCTIDKEHHS. MOXKYTh OyTH BUKOpHCTaHI B
TIPOEKTYBAHHs TeTEPOreHHHX Ta PO3MOMIIEHHX IPOrpaMHHX CHCTEM JUIA BHUIAJIKiB, OIMHCAHHX Y
po0boTi.

PoboTa 6yNa HamMcaHa CaMOCTIHHO, OMHC JOCTIKEHHS OyB HpOBEIEHUH AETAIBHO, OyB
IPOJIEMOHCTPOBAHHi1 BUCOKHH PIBEHb aHATITHIHUX 31i6HOCTEH.

CTyJeHT TpOJEMOHCTPYBaB 3JATHICTH MO CaMOCTIHHHX JoCHipKeRb, 3MIOHICTH 10
BHKOPHCTAHHS TEOPETHIHHX HABHYOK Y MPAKTHIL].

[L1aH BUKOHAHHSA JOCIi/KeHHS OyB TOTPUMAHHUIA.

Cryment Amyxtin B.I. mokasaB cepiiosHe BiJHOIICHHS MO poGOTH, BHCOKHil piBEHb

IArOTOBAEHOCTI MO caMocTiiiHoi AisubHOCTI. Pesymbratn poGoTh BIJNIOBIAAIOTh 3aBJAHHIO Ha

arecTaiiiiHy poboTy.

Marictpant rp. 113CM-18-1 Anyxtin B.I'. rotouii 1o camocTiiHoi iH)KEHEepHOI [JisTBHOCTI.
ATtecrauiiiny poGoty MokHa mojath no 3axuery B EK 3a cnenianpricTio  121-«IHXKeHepia

IpOrpaMHoOro  3a0e3neueHHA», ocBiTHRO-NpodeciitHo0 mporpamoio  «IIporpamue 3abe3neveHHs!

CHCTEM.

« » rpyzass 2019 p. Kepisuuk arectariitHoi po6oTu Marictpa

K.T.H., po¢. ynaps 3.B.
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PEIEH3IS
Ha atecraniiiny po6oty marictpa
cryaenta rpymi I13Cm-18-1 Anyxrina Braanciasa lennaifiosuya
CrenianbHicTs — 121 - Inokenepist mporpamuoro 3a6esneyens
OCBITHBO-TIpoeciiina nporpama «ITporpaMHe 3a6e3nedeHHs CHCTEM)
«Jlocrimkenns Texuomoriii Ta METONIB 0GMiHy JaHHX B KOPIOPATHBHIX CHCTEMAX 32 JOTIOMOLOIO

OpoxepiB MoBiTOMIIEHBY.

Crpykrypa arectaniiroi PoboTH: nosicHioBaNbHA 3amcka 89 CTOPiHOK; rpadivyna gacTHHa 18
apKYIIIB; Tporpamue 3aCTOCYBaHHs (NpuKknamua mnporpama) 478 (aiimiB 3arambHEM O6CITOM
352 M@air.

3anavamu poGoty € JOCTiUKEHHS METOIB inTerpauii 6Gpoxepis mMoBizOMIEHD y KOMIT'FOTE€pHY
CHCTEMY Ta aHai3 pe3yIbTaTis.

[puitasrrs IHKEHEPHHX Ta HAYKOBHX pimess po6oTH € nominbHe.

B HPOBENICHOMY aHami3i mpemmerTHoi o6macTi NpPCACTAaBNCHUN JMOKIAIHUN aHali3 JuKepen
MEpeski iHTepHeT Ta 3apy6ixHIX nybiikanil, TemaTrka SKEX BimOBinac JOCTIDKYBaHiH TeMi.

B xoni mpaktuiunoi peanizauii gocmimxenns Oy BHKOpPHCTaHi 3acOOH: miarpopma Java,
Spring Framework, Docker compose indpactpykrypa Ta Visual VM iHCTpyMeHT.

Hanani pesynbrate poGotu mossicrio Bi/INOBINAIOTH 3aBIAHHIO 10 arecTaniiHoi po6oTH.

3anponoHoBaHi METONH € TOMiMbHEMHY.

IloscHioBanbHa 3amucka Bigmosinae CTaliapTaM Ta BHMOTaM, SKi BHCYBAalOTBCS OO
aTecTaliiiHuX pobiT Mmarictpa. Y pobori asrop IIPONEMOHCTPYBAB BMIiHHS aHATITHYHO MHCJIUTH,
TIOPiBHIOBATH [IEPEBATH Ta HENOJIKH iCHYIOUHX 1a6TOHiB, MeTOiB,

Obcsr  excnepUMeHTAIBHUX JOCHKeHb € JOCTATHIN. SIkicTp OTPHMAHHX pe3yJbTATiB
BHCOKA.

Craiimn  mpesentanii  BinoGpaxarots PE3YIbTATH NOCHIIDKEHHS Ta OIMHC peanizoBanux
IIpOrpam.

Sk Heposiku aTecramiiiHOT poboTu MaricTpaHTa MOKHA BII3HAYHTH HEIOCTATHLEO JeTaIbHHUIT
OIMC  PO3PaXyHKY NPHIIBHAEHHS CHCTEMH 3aBISKH BIIPOBA/DKEHHIO OpOKepa MOBiOMIICHE.
Taxox, onuc ReadMode 11a0JIOHY € HEOCTATHBO JIeTABHHIL,

Artecraniitna po6ora maricrpanTa rpynu [13Cum-18-1 Anyxrina B.I'. Bixnosinae BHMOTraM Ji0
arectauiifHuX pobiT i 3aciyroBye OWIHKM «BinMiHHO — 96, An. Arecraniiiny poGoty moxma
lpeacraputd i 3axucty B EK 3a cneniamsnictio 121- Iroxenepis mporpamoro 3a0e3neveHHs,

OCBITHBO-TTPO(ECiifHOIO TPOrpamMoro «IIporpamue 3a6e3neuenns cucremy,

Penenszenr M/ ?Og ; : :Tj
) ﬂﬂﬂg;:ga 0Q
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PELIEH3IA
Ha aTecTaniiHy poboTy MaricTpa .
cryaenTa rpynu I13Cm-18-1 Anyxrina Biagucnasa ['ennaziiioBnya
cremianbhicTs — 121- Tkenepis mporpaMHoro 3aéesneyenHs
OcBiTHBO-TIpOdeciiita mporpama «[Iporpamue 3a6e3meyeH s CHCTEM
«/locrimkenns Texromnoriii Ta MeToiB 00MiHy aHHX B KOPIIOPATHBHHX CHCTEMAX 3a J0IOMOTOIO

OpokepiB MOBIIOMIIEHB).

CtpykTypa atecrauiiinoi poboTH: noscHioBaIbHa 3anucka 89 cTopiHoK; rpadiuna yactuna 18
APKYWIB; NPOrpaMHe 3acToCyBaHHS (npuknamsa nporpama) 478 (aiinis sarameEEM oGesToM
352 Mbaiir. ‘

3anavamn ociimkenns e NOPIBHAIBHHIN aHATi3 IepeBar Ta HEIOJIKiB BIPOBALKEHHS
Opoxepis nosizomens y KOMIT'IOTEpHi CHCTEMH.

Pesynbtati poSorn nosrictio BIIIOBI/IAIOTH 3aBIAHHIO 110 ATECTALIHHOI po6OTH.

losicHroBanbHa 3ammcka Bimmosizae CTaHJapTaM Ta BHMOTaM, sIKi BHCYBAIOThCA I1[0JI0
aTecTaliiiHuX poGiT Marictpa. PO3NiMH MOSCHIOBATBHO] 3aIHCKH TIponopuiiti. Y poboTi aBTop
TIPOZICMOHCTPYBAB BMiHHS MpaliOBAaTH 3 JTepaTypolo, B JOCTaTHill Mipi NpolUTYBaB il B
TNOACHIOBAIbHIH  3amucni. IIporpamue 3a0e3neyeHHs, HajgaHe Ha PELEeH3yBaHHs, BIANOBIae
3aBJIaHHIO Ta € Npale3NaTHHM.

Byno HaBeneno nmerambumii CKCTIEPHMEHTAIILHUE ONMC JOCHIDKEHHS BHpILICHHS OnHiel 3
ONHCaHUX 1pobiieM, SKICTh OTpHMaHHX PE3YJITATIB € BHCOKa, AeTamisaris rpadikiB oTpuMaHHX
JIaHHX JIOIiJIbHA.

ABTOp YCIIIHO BHALTHB aKTyaIbHi TpOOJIEMH PO3POOKH BHCOKOHABAHTAMKEHHX cucteM. bys
TIPOBC/ICHUH JICTANIbHHI eKCIIePHMEHTANbHE O ke HH ST 3MIHH Yacy Bimmosimi mix Pi3HHMU
Bepeiamu  cucremu.  Coraiinu npesenTauii BinoGpaxkaroTs PE3YNbTaTH  NOCHI/DKERHS Ta omume
peati3oBaHHX Iporpam.

Pobora mae Bucoxwuit PiBEHb MONUIHBOCTI BIPOBA/UKCHHS  yepe3 BHCOKY npakTH4Hy
HEOOXITHICTh BHPILICHHS HArATbHIX 1IpodIieM KopropaTHBHUX 3aCTOCYBaHb.,

Cepen nenonikis MoxHa BHRiTHTH BLICYTHICTH THGoKof Aetanizauii peanizanii IpOrpamMHo;f
CHCTEMH.,

Artecraniiina poGora Marictpanta rpynu [13Cm-18-1 Anyxrina B.I', BIZIIOBitae BuMoram bit)
arecTauifHux pobir i 3aClIyroBye ONIHKH «BiMiHHO — 94, Bn. Arecraniiiny podoty MoskHa
fpeActasuTh s saxuety B EK 3a cnenianbhicrio 121- Tmxenepis TporpamHoro 3aesneuenmus,

OCBITHRO-TIPO(eciiiioo niporpamoio «Ilporpamue 3a0e3nedenns cucteny.

Penensenr , b\PO@ \QQ(F \{HC'@?H

% \/\O\\rxog M. X

91



W"":W—.’F

BUII'YK
wa avecrauifiny poGory Marictpa
cryzenra rpymi [T3Cx-18-1 Anyxrina Banenasa lennazifionsia
coeuiamaicts — 121- okenepis nporpasaoro sabesneyenns
ociTHLo-npodecifina nporpama «lTporpasie 3a6eINCICHRR CHCTEM?
«JlocAIREHIS TeXHONOTTH T2 METOAIR OGMiNY JAHMX B KOPIOPATHEHIX CHCTEMAX 33 A0TOMOT0I0
Gpokepin NORIAOMACHE.

Ammmmmmar.nmmummmﬁln
mﬂﬁwm-wmmamwmmmn
mmmmmmmnwmm-wmm
CKIAHOCTI MLATPHMKH KOMI'IOTCPHHX CHCTEM Ta immmx npoGaem pospoGki  pasom 3
Wﬁpompilnomm?aymmlmmnuoxanHuanin
NPOCKTYBANNS TCTCPOTCHHNX Ta POSTONITCHIX NPOrPAMHIX CHCTEM I BATAIKIE, OMMCHIX Y
pobori.

PoGora Gysa manwcasa camoctifiwo, ommc foctivaenns Gys nposcicwmit acramso, Gys

CIyRcHT NpOSCMOHCTPYBaB 3AATHICTS 10 camocTifiumx Jocaipkens, ibwicts 10
BHKOPIICTASHR TCOPSTHYHMX HABKHHUOK ¥ NPAXTHILL.

Tnan sUKORANHS Rocaivxenus Gys AoTpivanni.

Cryaewr Anyxrin B.I. noxasas ccpilone siamowenns a0 poGorw, Bucoxuil pisens
NrOTORICHOCT] 20 caMOCTIRNOE miwmmocti. Peaymrarn pofoTH BLMOBILANIOTE JARGAHNIO HA
arecrauiftuy poSory.

Maricrpaser rp. T13Cx-18-1 Anyxtin BI'. roromsil 20 camocrifinol ircaenepuol aixanocri.
Arecrauifiny poGory moxma momarw o saxucry s EK sa cmemiammicno 121-«lwxcnepis
nporpasioro abernieueniay, ocnimmo-npodeciitnon nporpamoo  «lTporpaiie sabenesienis
CHCTEM»,

« 9 » rpyams 2019 p. Kepisnux avecrauiftnoi poSomu maricrpa

% .1, npod. Jyzaps 3.B.
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