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IHopmarnifizi CHCTEMH Ta TEXHOAOT]

Aemomamuuna cucmema enepauii 3anumie 00
Oazu 0aHUxX Ha OCHOBI ACUHXPOHHUX Onepayiil

Tropin Banepiit
KIII im. Iropst Cikopcpkoro
Kuis, Ykpaina
tiurinvalery@gmail.com

Anomayia. PobGora NpHCBAYeHA po3podui
ABTOMATHYHOI CHCTeMH reHepanii 3anuTiB 10 0a3u JaHHX
HA 0CHOBi aCHHXPOHHMX omepauiii. Po3pod.iena 6idrioTexa
BIIKpUTHX [Kepesl B Hepeasuilinii 06a3i ganux Ta
iHTerpoBaHuii 3aCcTOCYHOK /1Jif i TeCTyBaHHS.

Knrouosi cnosa: asmomamuuna cucmema, 6aza Oawnux,
ACUHXPOHHI onepauir.

Bctvyn

XmapHe oOuuCIeHHs Jae MOJKJIUBICTh
MIIPOKOMACIITA0OHOTO CIIUTBHOTO JOCTYIY IO IMOCHYT,
IO JO3BOJISIE KOPHUCTyBayaM OTPHMYBATH JOCTYH IO
TEXHOJIOTIYHUX CEpBICiB 0e3 3HAHHSA, [OCBiLy Ta
KOHTPOJIO HAaJ TEXHOJIOTIYHOKO iHPPACTPYKTYPOIO, sIKa
ix migrtpumye. Yepe3 3pocTaHHs 3arajibHOI KiJIBKOCTI
iHpopmamii, BHHHKAae HEOOXImHICTP y  OUTBII
ONTHUMAJIBHUX CHUCTEMAaX, L0 MOXXYTh OOpOOIATH Taky
KUTbKICTh iH(popMamii. CucTeMH, IO 3acHOBaHI Ha
HEOJIOKYIOUHX OTepallisiX — € OCHOBHHMH B IIi# raysi.

IIpu po3pobmi apxXiTekTypHOi cxeMH Oi0mioTeKn
Oyna oOpaHa BipHa apXiTeKkyTpa, ska 0Oa3yBajacs Ha
a0IOHAX TMPOEKTYBAHHS [UIsl aCHHXPOHHHX CHCTEM.
Bynu oOpaHi paiiioHa bHI TEXHOJIOTII, SIKi Bi{IOBIJaI0Th
OCHOBHHM  KpiTepisM — 1¢  Oe3KOIITOBHICTH,
HiATPUMYBaHICTh, CY4acCHICTb, IIBUAKOJIS, HAIHHICTb.
3aBIAKM CIITyBaHHIO CYYacHUM CTaHaapTaMm, HaOip
TEXHOJIOTIM € 3BUYHHUM Ta 3pO3yMuUIUM (axiBIsiM, sKi
NpalIolOTh 3 XMapHHUMH Ta Java Opi€eHTOBaHHMH
3actocynkamu [1-3]. Vci eneMeHTH, 32 BUKIHOYEHHSIM
DynamoDB [4], € 0e3KOIITOBHHMH, TOX 3aMiHSIOYN
xMmapHy DynamoDB  nokanmpHOIO — Bepciero  JUIA
PO3pOOHUKIB, OyJlO MOXJIMBO CTBOPUTH NPOEKT 0e3
JIOZIATKOBUX BUTPAT HA OIUIATY IHIIMX KOMIIOHEHTIB Ta
posmictuTH #oro sik Open Source.

3aBngku BHKOpHcTaHHIO Spring Boot Framework,
6i0ioTexa € MmIaThOpMO-HE3aNeKHOIO Ta JIETKOIO JUIS
PO3ropTaHHs 3aBAsSKK BOYJIOBaHOMY KOHTeWHepy [5-7].
[IpaBwibHUN BHOIp TEXHOJIOTIH JO3BOJIMB CTBOPHUTH
MOTYXKHY CHCTEMY MOIYJBHOTO, IHTETpamiiHOTO Ta
HaBaHTAXYBAJILHOTO  TECTYyBaHHs, IO  JIO3BOJISIE
HiATPUMYBaTH HAJIEXKHY SKICTh 3aCTOCYHKY.

OIIMC ITPOLIECY I'EHEPALIIT 3AIIMTIB 3ACTOCYHKY

Iporec reHepariii 3amuTiB CKIaJAETHCS 3 HACTYITHUX
eTariB:

1) BHOPOBaKCHHS KIIEHTCHKHM  33aCTOCYHKOM
00’eKkTa, 110 BiAMOBiganpbHUH 3a 3B'S130k 3 BJI
(cTBOprOBaTH 11CH OiH poOOTa CaMe KITi€HTa, 00 IIe TIPSAMO
BrBae Ha Oesmeky PII manwx); 2) momryk KaHIuOaTiB
(Ha OCHOBI BJIacHOI aHOTANii HaJ Kiacamu 0i0IiOTEeKa
po3ymie, I SKUX KaciB MOTpiOHO Oynme reHepyBaTh

Capuyk Omnena

KIII im. Irops Cikopcekoro
KuiB, Ykpaina
savchuk_|1@ukr.net

3amuTH); 3) CTBOPEHHS METagaTH Ui BCiX 3HAWICHHUX
KaHAuIaTiB; 4) moOyIoBa 3aIUTIiB HA OCHOBI CTBOPEHOI
METaaTH.

Bubip pi3HHX Ta ONTHMAaIBHUX MOB ITPOTrpaMyBaHHs
IUIA PI3HUX 3aJad MiABHINY€E SKICTh MPOEKTY, a ix
rapMoHiuHe nmoenHanus (Scala e nyxe cxoxero Ha Java)
HE CTBOPIOE OAATKOBHUX CKJIIAJHOLIIB JUIs IPOEKTY [8].
OpienroBanicte Ha AWS 3aCTOCYHKH, SIK Ha IJIbOBY
ayIUTOPII0 KOPHCTYBadiB, € BIYYHHM BHOOpOM, 00
AWS € HaWnonmyJispHIIUM XMapHHM [pPOBaiaepOM
CHOTOJICHHSI, 110 320e3I1eYye IUPOKE KOJIO MOTSHIIHHIX
KOpPHCTYBaiB.

HacTymHuM KpOKOM KJII€HTCHKHI 3aCTOCYHOK Mae
momatu y koHTekct DynamoDbAsyncClient 6iH, sikuit
Mae BCepe/ieHi HAIAIITYBaHHS napameTpiB
MAKITIOYCHHS 0 0a3u maHux, Taki sk accessKey,
secretKey Ta region. CtBopuTH 11eii OiH - 3amada came
KJIIEHTCHKOTO 3aCTOCYHKY JJIsl TOTO, 1100 OibnioTeka He
3ajekana BiJg [apaMeTpiB  MAKIIOYCHHA 1 He
noTpeOyBaja 3HaHb IPUBATHHUX JIAaHUX — 1€ 3a0e3mnedye
THYYKICTh CHCTEMHU.

HactynmHuMm KpokoM HEOOXIZHO BKa3aTH 3HAuEHHs
makeTy abo MakKeTiB, sIKi IporpamMa Mae NMPOCKaHyBaTH
JUIA TIOIIYKY KaHTUAATIB. Spring A03BOJISE AMHAMIYHO
3MIHIOBaTH 3HA4YCHHS TONIB OiHa 3a JOTIOMOTOIO
JIOZIATKOBUX KOH(ITYypaliiiHIX pecypciB.

Jns xopuctyBada poboTa 3 B/ meperBoproeThes Ha
MOJIeNIb BUKJIMKA METOAY i OTpUMAaHHS pe3yibTaTy, yci
MaHinyJysii HaJl CTBOPEHHsSM 3amuTy Oepe Ha cebe
cTBOpeHa 6ibiioTexa.

Cepen mpukiaaiB iHTepdenciB HaWOUTBII IiKaBHH
OyniBeNBHUK — 1€ CTPYKTYPHHUH MIa0JIOH, MeTa SIKOTO
BIJOKPEMHTH JIOTiKy CTBOPEHHS 00 €KTY BiA JIOTiKH
NIPE/ICTaBIICHHS 00’ €KTa.

PEATI3ALIA BIBJIOTEKU

Po3pobmroBaniacst  6i0mioTeka A aBTOMATHYHOI
TeHepalii HafdacTime BXXHBAHWX 3amuTiB. [lepmrmm
KpOKOM Oyya CTBOpeHa TEXHIYHa jiarpama, sKa
BpaxoByBajia TakKi MPOIIeCH: iHimiamizamis 6101i0Texy, i
iHTerpamiss 3 KopHcTyBalnbHHIBKUM [13, pobGounii
pEXHM, 00poOka TTOMUJIOK, MOXKITUBICTh
ABTOMATH30BAaHOTO TECTYBaHHS.

Hactynmaum KPOKOM Oyna po3pobiieHa
HU3BKOpPIBHEBA  apXITEKTypa  3aCTOCYHKY,  sKa
GazyBamacs Ha maboHax TIPOEKTYBaHHS,

PEKOMEHI0BAHUX /It Spring 3aCTOCYHKIB.

Bynu BiIy4HO mMepeBUKOPHCTaHI MOXKIMBOCTI Spring
Framework mis gocsiraHHsl Iijiel MPOEKTY, a came Ui
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pobOTH 3 3aBaHTa)XXyBaHWMHU KJIACaMH,
KOHTPOJIS TOILIO.

iHBEpCi€I0

ByB po3pobmnenmii mpoctuii iHTepdeiic B3aeMomnii 3
610110TEKOI0 I KOPUCTYBauiB, SKUH Ja€ MOXKJIUBICTh
po3poOHIKaM 0npa3y BHKOPHCTOBYBaTH 0i0NioTeKy, a
He BUBYATH Ii BHYTPIIIHIO OyJOBY, a TAKOX 3aKJiajieHa
MOJKJIMBICTh JOJaBaHHS HOBUX iHTepdelciB B3aemomii
JUISL TIOJTATTBILIOTO PO3IIMPEHHS (DyHKIIOHAITY.

Bymu ctBOpeHi ¢yHKIiOHaMBHI TecTH 0i0mioTekH, i
aBTOMATH30BaHa cucTeMa 300pKM Ta pO3rOpPTaHHS
HPOEKTY.

TECTOBUI TOJATOK BIBJIIOTEKH

Hus  Toro, 11106 MPOBECTH end-to-end
HAaBAHTAXYBAJIbHE TECTYBaHHA, OYB po3po0ieHuit
TECTOBUH  MPOEKT, B  SIKOMY SK  3aJIEKHICTH

BUKOPUCTOBYETBCS ~ po3pobnena  OiOmioreka.  3a
nqormomororo  dpeiimBopky  Gatling #  momaTtkoBoi
nporpaMmu  Ha Scala, CTBOPIOIOTBECS  BIpTyasbHi
KOpHCTYBadi, SKi IMITylOTb BEJMKE OJHOYacHe

HaBaHTAXEHHsI Ha cucTemy. Ilicas mporo (peiimMBOpK
Oyaye rpadikd M0 OCHOBHHM OTPUMAaHHM pPE3yJIbTaTaM
— ¢ KUTBKICTh OOpOOJICHMX 3amlHTiB, CEpeiHid dac
00pOOKH OJHOTO 3aIMUTy, PO3MOMALT HABAHTAKCHHS IO
KBaHTUJISIM.

3 iHmoro OOKy, TECTOBHUH IOJATOK CIYyTye
IHCTPYKIi€I0 MO  IHTerpamii Ta BHKOPHUCTAHHIO
6i0mioTexy, TOOTO KOpHUCTYBaui OIOIIOTEKH MalOTh
BIIPOBAJAUTH OIONIOTEKYy Tak caMo, K B TECTOBOMY
3aCTOCYHKY, Il 11€ TapaHTOBaHO OyJie MPaIfOBATH.

PosrnsiHeMO  poO3NOALNM  HABaHTQXEHHA B
cHHXpOoHHOMY (puc. 3.1) Ta acmHXpoHHOMY (puc. 3.2)
KITI€HTaX.

\J-uwﬂ,“

Puc. 3.1. Po3nofiin HaBaHTa)XEHHS B CHHXPOHHOMY KJTi€HTI

BaxxnmuBuM NOKa3HUKOM € Te, L0 CHUHXPOHHUMU
KJieHT He BUkoHaB 1397 3anutiB 3 36 000. Ile o3Hayae,
IO 332 HaJaTOBaHWHA MakcuManbHui wac (1200 mc)

‘\AgA_AJ

Puc. 3.1. Po3nonin HaBaHTa)KeHHS B ACHHXPOHHOMY KJTi€HTI

BIpTyaqbHUN KOPHCTYBad HE 3MII OTPUMATH HisIKOT
BIJIMOBII BiJ cucTeMu B3arani. Lle myxe moka3oBo, 1o
31 30UTBIIEHHSAM CKIaTHOCTI CHCTEMH, Y KOPHCTYBadiB
CHHXPOHHOTO KJII€HTa HE 3alUIIAETBCS MEXaHI3MIB
MOKPAIICHHs] MIBUAKOAII — JIMIIE TOPH30HTAIbHE
MaciTaOyBaHHS ¥ BIAMOBIMHO OiNBINI EKOHOMIYHI
BUTpaTH, abo 30UIBIICHHS 4Yacy OYIKYBaHHS IS
KOpPHUCTYBayiB, TOOTO MOTIPIICHHS SKOCTI CUCTEMH.

J171s1 acCHHXpOHHOTO KIIIEHTY KUTBKICTh HEBUKOHAHUX
3alMTIB € HAa TPETHHY MEHILIOIO i, 10 came TOJIOBHE,
MIPHUPOAA IIMX IIOMIJIOK iHIIIA, i BOHU TakKi, IO iX MOXKHA
BUPIIIUTH MIIIXOM ONTHMI3aIlil, a HE MacIITa0yBaHHIM
4y 30UIBIICHHSM 4Yacy OYiKyBaHHS. 3a pe3ysbTaTaMH
TeCTyBaHHI  Oymo  1OBEeIEeHO  HeeEeKTHBHICTh
BUKOPDHUCTaHHS ACHHXPOHHOTO MIiJAXOQy MJIsl OJHI€q
omepauii Ta Ul Oy’XKe MPOCTHX ONEpamiid, BHILY
e(eKTUBHICTh Ta HAIMHICTh ACHHXPOHHOCTI ITPH PpOOOTI
3 IEKiTbKOMa BaXKUMH OIEpaIlisiMi Ta HEOOXiTHICTH
BUKOPUCTAHHSA MIPaBUIBHUX MiIX0/1iB pu
MacmTaOyBaHHI aCHHXPOHHHUX JOIATKIB.

BUCHOBKM

Llst cTaTTs MpeACTaBIsE PilIeHHs, IO 33J0BOJbHIE
BUMOTaM  pHHKY 3  BUKODHCTaHHSIM  CYYacHHX
TEXHOJIOTif Ta Opi€HTAIli€I0 Ha XMapHi PIilICHHS 4epe3
3poCTaHHs IX MOIJISIPHOCTI. Bynu oOpaHi pamioHanbHi
TEXHOJIOTil, SIKi BiAIOBialOTH OCHOBHHUM KpiTepisM:
aKTyaJIbHOCTi,  OE3KOIITOBHOCTI,  MiATPHUMYBaHOCTI,
MIBUAKOII1, HAAIHHOCTI.

3a pe3ynbTaTaMu TeCTyBaHHS OyJIO TOBEACHO: BUIILY
e(eKTHBHICTh Ta HAAIHHICTh aCHHXPOHHOCTI ITpH poOOTi
3 JCKUIbKOMa BaXXKUMH OIEPAIlisiMH;, HEOOXIIHICTh
BUKOPUCTaHHS NpaBHILHHUX migxomiB npu
MacuTa0yBaHHI ~ aCMHXPOHHHMX  JoJarkiB.  byio
3aIPOIIOHOBAHE PILICHHS AJsL PO3MJSIHYTHX MpoOJieM:
6nokyBanHs no CPU; Ouokyrouoi nepenmaui aHumx
BXOJIy/BUXO/Y; BUTOKY IaM ATi.
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Ilpoexmyesanna apximexkmypu cucmemu
00C0IHCEHHA MeKCcmy

Bodak Bohdan

Igor Sikorsky Kyiv Polytechnic I nstitute
Kyiv, Ukraine
bohdan.bodak @outlook.com

Abstract. Nowadays, there are many great applications
for local search and recommendations, for example
Foursquare, Swarm, and Snapchat to some extent. Swarm
is a mobile application, which allows users to share their
locations with friends and create a record of their
experiences in their personal logbook. In addition, a spin-
off from and companion app to the older Foursquare,
Swarm lets users to check-in to a particular location and
interact with people nearby. Besides, these check-ins are
listed chronologically in order to create the person’s
logbook, which in fact represents a digital library.
However, many people agree that any social media
platform requires a well-designed, scalable, and fast API.
In thisresearch, we used RESTful API principlesto design
a heavily loaded server for the new application. This paper
mostly focuses on applying REST and OpenAPI standards
using a social media platform as an example. The new
specifications and methodologies outlined in this article
may be used in the design phase of a heavily loaded
backend service

Keywords: Social media, local search, OpenAPI, REST,
RESTful, scalable API, software architecture.

INTRODUCTION

Considering the popularity of various social media
applications, our goa was to come up with a successful
design and implementation of a backend service. This
solution provides users a unified platform for managing,
creating, and participating in events. Userswill beableto
retrieve information about existing events, create custom
points of interest, share location and other assets, and
invite friends.

The REST [1] used by clients can be thought of asthe
cornerstone of the World Wide Web. With the rise of
cloud platforms and services, REST API’s are a perfect
choice to alow users to manage and interact with these
web services in a platform-independent environment.
Moreover, even key companies in the IT industry, such
as Google, Amazon, and Microsoft are using it. Thiskind
of API adopts existing HTTP methodologies defined by
the RFC 2616 protocol [2]. With REST, all cals should
be statel ess, which isuseful in cloud applications because
components can easily scale and accommodate load
changes.

RESTful API design wasdefined by Dr. Roy Fielding
[3] and it states that aweb service must be in compliance
with the next six architectural principles:

- Useof auniform interface (Ul)
- Client-server based

- Stateless operations

- RESTful resource caching

Doroshenko Anatoliy

Igor Sikorsky Kyiv Polytechnic Institute
Kyiv, Ukraine
a-y-doroshenko@ukr.net

- Layered system
- Code on demand

SYSTEM REQUIREMENTS

The developed socia media platform provides a
unified database of existing events with detaled
information, location, and cogt. In addition, it alows a
user to create his or her own event in a few steps with
automated generation of invitations for friends. The
storage of live stories and videos from an event is
supported aswell.

Throughout the beginning of the system design
process, we were able to outline the key features of the
platform, which are provided in alist below:

— Token-based authentication. The APl hasto use IWWT
or any other type of token to grant permissionsto a user.
— Integration with other social media platforms. The
API has to support at least two providers: Google and
Facebook.

— Retrieval of event’s list. The API must return a list of
available events to user in form of JSON. Each event
contains detailed information, such as location, image,
hashtags, status, etc.

— Event creation. The API must have an option for user
to create event (private or public), specify details and
invite friends. The creator also has an ability to modify
the event or deleteit.

— Private events. The API provides an interface to
create a closed event for a particular group of invited
usersonly.

— Event invitations. The API gives an ability to create
and send invitations to user’s friends by phone numbers
or emails.

— Resources storage. The APl provides methods to
upload additional information about event, such as
images or video into a cloud.

APl IMPLEMENTATION

As a backend technology for this API, we decided to
select ASP.NET Core, since it is stable and widely
supported framework for building REST applications.
This suite provides developers with various support
lifecycle options to meet the needs of the application.
First of al, the database model for our service was created
(Fig. 1).

After that, the data layer was generated with a help of
Entity Framework, which represented a set of CRUD
operations for each entity in the database. Microsoft
Azure providesan MSSQL server as a service, which we
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used to deploy the database schema. Since this service
supports Entity Framework migrations, there is no issue
in updating or rolling back changes in a database.

The RESTful APl for our socia media events
platform includes five endpoints documented with

Fig. 1. Database model

OpenAPI v3.0 standard [4]:

— Auth

— Category
— Comments
-  Event

— Storage

Each endpoint is also documented according to the
standard and provides sample request/response
parameters as well as expected satus codes with
description (Fig. 2).

Fig. 2. Documented APl methods

DEPLOYMENT PROCESS

In order to maintain the access to the newest version
of the server, it isimportant to set up an environment and
deployment. In our case, it was crucia to deploy the
REST API online, so we can test the client application
with it. Microsoft Azureis a perfect choice for deploying
web applications and services, since it has all pre-build
pipelinesfor building .NET Core backend and publishing
it to the virtual machine Azure Pipelines [5] combines
continuousintegration (Cl) and continuous delivery (CD)
to constantly and consistently test and build your code
and ship it to any target. Continuous integration was used

to automate tests and buildsin our project. Every timethe
new code gets pushed to master, Azure automaticaly
runsabuild, tests, and savesaresult. CD usesthese builds
to drive automated deployments.

To avoid the problem of breaking the operation of the
server, the pipeline features at Azure was used (Fig. 3):

Fig. 3.  Azurepipelines

After setting up, every push request at project’s Git
will trigger abuild at Azure, and it will pull from GitHub,
and build automatically. This result can be verified at
Dashboard of Azure builds. Usually, the code will be
published to the staging server for testing purpose, and if
the submitted source code was stable and it was decided
to publish, it was promoted to the production stage
manually.

CONCLUSION

The system described in the article represents a
RESTful API for asocia media platform. This APl was
designed according to new methods and standards for a
heavily loaded service in order to ensure high
performance, scalability, and ease of use. In addition, we
demonstrated the continuous integration and delivery
process using Microsoft Azure pipelines, which plays a
significant role in the testability and overall quality of the
product. As a result, developed methodologies may be
utilized in future for designing a heavily loaded service.
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Abstract. The criterion for smoothing random signal
changes using a buffer in real-time systemsisdeveloped. The
problem of the occurrence of rapid spasmodic changes in
temperature during the operation of the system for fixing
changes in the liquid level in the tank is considered. In the
process of solving the problem, a buffering criterion was
introduced. Signal changes werewritten to the buffer.

Keywords: control system, buffering, delay, extrapolation.

INTRODUCTION

There are systems that analyze signal changes. The
purpose of such systems is to analyze the value of the
measured signal and control processes and objects.

During the operation of such systems, short-term
processes may occur, accompanied by a sudden changein
the measured signal. A sharp change in the measured
signal isalocal phenomenon and does not characterize the
measured process. But the system responds to such
changes. The system processes the signal value, which is
not a characteristic of the current process|[1 - 2].

Such sudden changesinthesignal are quite short-lived.
The signa will return to the previous value. Information
about the signal will get into the system. The system will
respond to the jump and process the signal data during the
jump.

The goal of thiswork isto eliminate jumps and smooth
out the signal. Also, the control system that analyzes the
signal changes should stop responding to short-term signal
changes.

Buffering will delay data processing. Jumps will be
processed in the buffer.
CRITERIA FOR DETERMINING THE TIME OF BUFFERING

The introduction of an additional delay in turn
increases the response time of the system to changesin the
fluid level. Let the system receive data at intervals 1
second, buffer size —n, basic system responsedelay — 7,
maximum allowable delay — 7, . Buffering time:

T = N-1C.

Then, with the introduction of buffering, the new delay
will be:

Ty = Ty + Tpye -

The vaues 7., -7, is smal for system, the
introduction of a buffer the size of which is sufficient for

the detection and processing of jumps will cause the delay
to be exceeded 7, , which is inadmissible. Since the

jumps are different from the processes served only in
duration, the programmatic jump recognition is not
possible without the introduction of buffering [3 — 4].

An additional problem: minimize the delay that is
introduced to the system when solving the task.

When buffering isintroduced, adelay occurs. It can be
minimized if buffering isnot continuous. Provided that the
signal has changed. If at the end of the accumulation of
signal valuesin the buffer to process them not one by one,
but all together in one iteration of the processing cycle,
then this approach allows to reduce the total system delay.
If the size of the buffer — n, basic system response delay —

maximum alowabledelay —z__ , then:

TS}’S ’ max ?

Ty = MAX(Tyss 1 Toys) < Ty + T -
If possible, pick one n, a which 7,4 =n-1c<r
then:

Ty = MAX(Tyysi 1 Teys) = Ty
Therewill be no further delay in applying the proposed
method.

It is necessary to formulate a criterion that will
determine the possibility of a jump. If for the processes
occurring during the operation of the system, it is possible
to choose such amethod of extrapolation of the next value
of the signal that it will give the maximum deviation from
the real value obtained at the places of change of the
monotone of the signal, then the difference between the
real value of the signal and the extrapolated value at each
time can use as a buffer criterion [5].

EXPERIMENTAL RESULTS

Consider the process of fixing the change in the liquid
level in the tank [6]. Thelocking system worksin real time
and has a sensor immersed in some liquid. If the liquid
level decreases, the sensor enters the air, its temperature
increases due to changes in heat transfer. One of the
algorithms of the system responds to this temperature rise
and informs the operator about the liquid level decrease.
When the liquid level rises again and coversthe sensor, its
temperature decreases and the alarm goes off. In some
cases, rapid abrupt changes in temperature may occur,
which can be recognized by the agorithm as a
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decrease/return of the fluid level and lead to an erroneous
alarm.

The general view of the signal generated by the system
is shown in Fig. 1. If you divide the graph into separate
sections, the signal is first constant, then monotonically
increasing, then again has a constant plot, then
monotonically decreases and becomes constant again, you
can approximate the value of the signal by the least squares
method, and take the next point on that line, then the value
will deviate as much as possible from the actual value
obtained at the places of change of monotony.

In the course of the work numerous checks were
carried out on real signals. The graph of the signal and the
extrapolated values is shown in Fig. 2. It shows that the
maximum deviation of the extrapolated value deviates
from thereal signal at the inflection points.

I

fowpones

wmb
Fig. 1. Graph of the temperature of the liquid level sensor

Fig. 2 present numerous signa values, extrapolated
values and deviations of extrapolation from the real signal
value. The data confirm that extrapolation can be used as
abuffer criterion. Also, by analyzing the deviation, it can
be seen that the value at the places of sharp change of the
signal is much higher than the deviation at the places of
the smooth change of the signal due to the decrease of the
liquid level. Therefore, it is possible to set the maximum
tolerance valueto avoid buffering when the signal changes
smoothly.

ppeTaling |

1w )

oot Seaned

Fig. 2. Graph of thereal and extrapolated values of the signal asit
grows

The deviation at the monotone sections of the module
does not exceed 1. Therefore, for the presented exampl e of
[7-8] the input signal, you can use the selected buffer
criterion.

Thefollowing Fig. 3illustrate the operation of asystem
of recording fluid level changesin atank with atime buffer
whose duration is determined by the proposed criterion.

The actual color value of the signal isdisplayed inred, and
the values transmitted to the handler are shown in blue.

Temperauze('¢)

n o0 200
Imet Sceomxls)

Fig. 3. Smoothing the jump asthe signa grows

CONCLUSIONS

Processes that occur during the test of control systems
are accompanied by a sudden change in the measurement
signal. Such phenomena force the system to react, which
is harmful. It is possible to counteract the impact of the
jumps by introducing additional sensors or adding
buffering to the communication channel between the
sensor and the control system. The introduction of
buffering will delay the processing of data. Jumping will
be processed in the buffer.

The problem of the influence of stubby changesin the
measuring signal was solved using the buffer criterion.
Using the difference between the actual value of the signal
and the extrapolated value at each time point, we recorded
the change in the derivative signa during buffering.
Processing the buffer after detecting a sudden change in
the measured signal is performed by combining the values
before and after buffering with one straight line. It wasthis
that made it possible to accurately record the temperature
without rapid jumps when changing the liquid level in the
tank. Theresults obtained can be used in measurement and
control systems for various objects and processes.
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Anomauyia. Meta cTaTTi - NeperIAHYTH HAsIBHI cnoco0un
BHpillleHHs MNpo0JieMH BHJAJeHHs TNOMHJIOK pecypciB
Binjgasenoi  iHcransunii  mporpamHoro  3a0e3nedeHHs,
YTOUYHHTH ACHEKTH iX PO3rOpPTAaHHSA Ta ONMHCATH OadeHHS
aBTOpa A5 BUpimeHHs npodjemu. Hajikpamum pimenssam
npodieMu Oyae BHpPOBaI:KeHHsI 3aco6iB BHNpPaBJEHHS
NOMHJIOK Yy  CHCTeMi  BCTaHOBJIeHHSl  BiAjajeHoro
NMpOrpaMHoOro  3ae3neyeHHs] IMPOEKTOpPa HAa  OCHOBi
anroputmy /leiikcTpu, 3MiHEHOr0 BiANOBIIHO 10 3aBIaHHS,
10 /103BOJIMTH [elleHTPATi30BaHO BCTAHOBHUTH NpPOrpaMHe
3a0e3neyeHHs B KOMI'IOTepPHiii Mepexi.

Kntouogi cnosa: cucmemni pecypcu; nomunka incmanayii;
CYMICHICmb  6€pClU; IHCIANAUIUHL RAKemu; ajicopumm
[etikcmpu.

Y wmunyniii crarti [1] aBTOpoM Oyia BH3HAYeHa
npobiieMa CHHXpOHi3alii Ta LeHTpalizanii ynpaBiiHHS
I3 y KoMI'IOTEpHUX Mepexax, IO MOoJrae y
HEOOXITHOCTI 3a0e3ledeHHs BYACHOTO BCTAaHOBJICHHS
VHI(IKOBaHOTO  TPOTpaMHOTO  3a0e3lCUCHHA  Ha
KOMIT'IOTEpH TIINPUEMCTBA, TIPOAHANI30BaHI HasBHI
METOAH ii BUPIIICHHs, OMUCAaHi X HEJOJNIKA Ta MepeBary.
3 ypaxyBaHHsAM wmi€l iHpopwmamii aBTOpOoM OyiHn
chopMOBaHi BHMOTH [0 ONTHMAJbHOI  CHUCTEMHU
ABTOMATHYHOI IHCTAJSIMII NPOrpaMHOTrO 3a0e3MeYeHHs:
TaKka CHCTEMa MAaE€ MAaTH KIEHT-CEPBEPHY CTPYKTYpY 3i
3B’A3KOM MIXK €JIEMEHTAMH CHCTEMM, HE3aJEKHUM Bif
TOTOJIOT1 (MpaIoBaTH K B Mepexax 3 P2P-3B’a3kom, Tak
i B Mepekax, NoOy/JOBaHMX 3a MPHUHIMIIOM «3IpKKW») Ta
MATPAMYBATH «THUXY IHCTaJsIif0» 0e3 KOHQIIKTY 3
OCHOBHMMH IIOTOKaMH pOOOTH OIepaliifHOi CcHCTeMHU
a0OHEHTY Mepexi.

BuxopucraHHS Takoi CHCTEMH BHMAarae HasBHOCTI Y
PO3TOPSAIKEHHI KOMIaHIi TaKUX BaXIIUBUX PECYPCIB K
omepaiiiHa MMam’siTh Ta MaM’sITh I 3amKcy 100
3a0e3neunT (GYHKIIOHYBaHHS BCTaHOBJIEHOTO
KopIopaTuBHOTO TporpamHoro 3abesmeuenus (I13). Ha
BiMiHY Bix neHTpamizamii incramsmii 113, nentpamizaris
MEHEDKMEHTY I1aM’ATi Ha KOMII I0Tepax KOPIOPaTUBHOI
MEpexi MPaKTHYHO HeMOoXkJuBa (1 HemoTpiOHA) yepe3
po3MoiNeHHsT (QYHKIIH KOMITIOTEpiB Ta PI3HUIIO Y
(hakTopax X BHKOPUCTaHHS, SK-TO iX IHOTYXHICTh, 4ac
pobotu, rpadik oneparopa Ta iH. CHCTEMHI BHMOTH IO

OpoTrpaMM, IO BCTAHOBIIOETBCS 332  JIOTIOMOTOIO
aBTOMATMYHOI CHCTEMH BigdaieHol iHcTaismii (abo
nutoro  makery [13) MOXyTh  BHSABUTHCA 11032

MOJKJIMBOCTEH HAsABHOI MAaIllMHU 3 PI3HUX MPHYHH, SK-TO
¢ismgre abo MopambHe 3acTapiHHA o0magHaHHS abo
3aBEJIMKUH PO3MIp MaKeTy iHCTAJIAII].

Uepes 11e BUHUKAE TIpo0IIeMa MPUCTOCYBaHHS pOOOTH
CUCTEMH aBTOMATHYHOI AUCTAHIIHHOI IHCTAIALIl IO
0COONMBOCTEH KOHKPETHOI MAIMHHU, 3 SKOI0 TIPAIfoe
CHCTEMa, a caMe [0 HasBHUX pecypciB maMm’sTi Ta
MOTYKHOCTI KOMII'toTepa. IrHopyBaTH ii He MOXKHA, TOMY
110 HECTaya PecypciB MOXKe MPHU3BECTH J0 HEMOKIMBOCTI
BUKOHAHHS 1HCTAJIALIT Ta 3pUBY BUPOOHHYOTO 3aBJaHHS.
Jlo Toro X IEHTpasi30BaHe BUIIPABICHHS 1UX MPOOJIEM €
HEMOXIIUBUM YEPE3 BHCOKHUI CTEMiHb aBTOMATHYHOCTI
IpoLecy.

Ornsp iCHYIOUYHX pillleHb MpoOIeMH MEHEIKMEHTY
pecypciB MmokasaB, IO Hi OJHA 3 HasBHHUX MpOrpam
aBTOMAaTHYHOI BiggaigeHol iHcranamii — |Hi Total Software
Deployment, mi Maestro Autolnstaller — He MaroTh
BOYIIOBAaHOTO apceHay iHCTPYMEHTIB IUIsl BHIIPABJICHHS
MOXIIMBHX HOMHJIOK pecypciB. Bimpm Toro, BoHuM He
MaroTh BOYNOBaHUX CHIHAJI3aTOPIB IOMMIIKH, YCi
MOBIIOMJICHHSI TPO HECTady peCypCciB BHUBOIATHCS Y
BUTJISI MaJIO3PO3yMIJIOTO JJIsl KOPUCTYyBaya CUCTEMHOTO
KOAy CTaHTApTHUMH TMOBigoMjeHHAMH Windows mpo
MIOMUJIKY.

Ha mornsig aBTopa, crioci6 BUpimeHHs 1€l mpobieMu
KPUETBCA y caMiil ifel IHCTaNAmMiiHMX makeTiB. BoHa
MoJIATae 'y TOMY, IO HporpamMHe 3a0e3NedeHHs, SKUM
JIICTIOHYE CepBep, HE BCTAHOBIIIOEThCA O€3MocepeHbO Ha
KOMIT IOT€pU-a0OHEeHTH — 3 mporpam (GopMyroThes
iHCTaNAIIHI makeTu [I3, sAKi MOTIM 3aaKOBYIOTBCS Ta
BCTaHOBJIOIOTBCSI Ha KOMIT'IOTEpl KII€HTA. 3aBISKU
IbOMY MOXXHa BUPIIIUTH MpPOOJIEeMy MOXIIMBOI HecTayl
pecypciB,  3MIiHIOIOYM  CKJIag Ta  KOMIIOHOBKY
IHCTANSIIHHUX MaKeTiB. ITiNKPITUTIOETHCS 111 MOXKJIMBICTh
TaKOX PI3HICTIO Bepciii mporpam, mo 30epiraroThCsi Ha
cepBepi — pi3HI Bepcil OAHIET 1 Ti€l )X MPOrpaMu MOXKYTh
MAaTH pi3Hi IPOTPaMHi BUMOTH, SIK TIPAaBWIIO, OLTBIN paHHI
Bepcii € MEHII BUMOTJIMBIMU JI0 PECYPCIB.

OTxe, Ui BUpilIEHHS NpoOJeMH HecTadi pecypcis
HOTpiOHO:

1) aBTOMAaTHYHO CHOBICTHTH aJMiHiCTpaTOpa MEPEeXi,
KW TPOBOJUTH IHCTAIAINIO BiIMOBIAHO 70
00’eMy HasBHUX Ha MaIlIMHI PEeCypCiB,;

2) TpuitHATH pilIEeHHS TPO MOBTOPHY IHCTAISIIIO,
KOPEKI[il0  IHCTANALIWHUX  MapameTpiB  abo
MIPUIMTAHEHHS 1HCTAJIAIIIT.

MaxkcumizyBaTi e(GEeKTHBHICTh BHPIMIEHHS IPyroro
MYHKTY MOJKHa LUISIXOM 3a0e3ledeHHs aaMiHicTpaTtopa
TOYHOIO 1H(OPMAIII€I0 ITPO CTAH PECYPCiB HA KITI€HTCHKIN
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MalliHi Ta BHKOPUCTAHHSIM aJITOPUTMIB PO3paxyHKY
onTHMi3anii MEHEe[DKMEHTY HasiBHHX pecypciB. Y sKOCTI
TaKOrO alIrOpUTMYy MOXHA €(EeKTHBHO BHKOPHCTaTH
QITOPUTMHU TIOIIYKY HAaWKOPOTIIOro HUIIXYy y Trpadax,
AKIIO TPEICTaBUTH KOXKHY BEPCiI0 MEBHOI NMPOTpaMu SIK
JUCKpETHY BepliMHy Tpada, a pi3HHUII0 Y CHCTEMHUX
BUMOTaX BHPA3HUTH K Bary pedep MK IIMMH BEPIINHAMH.
VY takomy pasi gyxe moOpe miaxoauTh Moau(iKOBaHUIMA
i 110 3aaqy anroput™ Jledkerpu.
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Puc. 1. Briok-cxema 3anporoHOBaHOTO arOPUTMY

Le#t anropuT™ Mae IPOBOJHUTH IMOUIYK MAIOYHX
HaliMeHIIy Bary pebep Ta, MepexoAsdH y pe3yibTaTi J0
BepCiif, 10 MiHIMAIbHO NOCTYNAIOThCS OaxkaHiili 3a
CHUCTEeMHHMM BHMOTaMH (1le¢ poOHThCS A TOro, 100
MIHIMI3yBaTH MOXJIHBI ~ HETaTHBHI  HACHIAKH  BiJ
PO30IKHOCTI y BepCisix 3 MalllMHAMM, I1HCTAISIIis
NporpamMH Ha KOTPi BJajacs) MOPIiBHIOBATH BHMOTH, IO
BUHOCSTBCS JIO HUX 3 BUMOramMM OaxkaHoi Bepcii. SIkiio
o0paHa BepcCis «BKJIQAETHCS» Y 3a/laHi paMKH, To pobora
ITOPUTMY TIPHUITUHSAETHCS Ta BEPCisl 3alaKOBYETHCS IS
IHCTaIIAIIT, SIKIO Hi — HOIIYK NPOJOBXKYETHCS BXKE 3 HOBOT
«BepmMHU» Tpady Bepciii nporpamu.

Jns rpady 3 BepmmHamu Bepciii V, peOpamu e 3
Baramu €.len:
for veVv
d[v] = o0
used[v] = false
ds =0

for ieVv
v =null
for jev
if lused[j] and (v ==null or d[j] <d[Vv])
V=i
if d[v] == o000
break
used[v] = true
for e pebpa, 110 BUXOISITH 3 V
if d[v] + elen <d[eto]
dleto] =d[v] +elen
TakoX 3amporOHOBAaHWK alTOpPUTM Mae OyTh
3a0e3euyeHn TOJaTKOBMMH 3aco0amMM  aBTOMaTH3alil

MEHEKMEHTY  pecypciB [yl 30inblieHHS — HOro
edexruBHOCTI. [Iporpamui 3aco0Ou peanizamii anropuTMmy
MaroTh  3a0e3ledyBaTd  aBTOMATW4YHE  BHMKHEHHS
cucrteMHOro  (aepsoiy UL JTKBimaumii - pU3HKY

OsoKkyBaHHS 1HCTANALIl IUIFOC aBTOMAaTH4YHI IMOLIYK Ta
BUANICHHS (ailyliB HeBIANOT IHCTAIAIIT Ta/a00 MUHYIHX
BepCiii POrpaMH 3 KII€HTCHKOI MAIIMHU ISl 3BUIbHEHHS
MICIIS Bil HeTIOTPiOHOT iH(popMarTii.

TakuM 4YWHOM, 3 OIJIAAY Ha BiACYTHICTB
peaiizarii BUpIMIeHHs MPOOIIeMH MEHEIKMEHTY PECYPCiB
y HasBHUX [porpaMax aBTOMAaTH4YHOI BimJajeHol
IHCTAJIAIIIT, HAWKpaITUM BapiaHTOM OyZe iMITIeMEeHTAIIis Y
MPOCKTOBaHY CHCTEMY BiIJalicHOl IHCTAAIIl 3aco0iB
AaBTOMAaTHYHOI KOpEKIii IHCTaJSIIKHHOrO TWaKeTy Ta
iHpOpMyBaHHA  aAMiHICTpaTOpa,  SIKHMH  BUKOHYE
BCTAHOBJICHHS PO HAsSBHI HAa MAIIMHI KJIIEHTa PECYPCH Ta
CHCTEMHI BUMOTH 10 cory.

BuUCHOBKU

Y pe3ynpTaTi MPOBEAECHUX OCTIKEHb Oya
BU3Ha4YeHA ITpo0iIeMa MEHEeKMEHTY CHCTEMHHX BUMOT Ta
BUIIPABJICHHS IOMWJIOK Yy CHUCTEMi aBTOMAaTHYHOI
BiIajieHol IHCTAJNAIil MpPOTpaMHOTO 3a0e3TCUCHHS.
[IpoBenenuit aHaNi3 iCHYIOYHX PillleHb, 3aIPOITOHOBAHUN
BJIaCHMW UUIAX BHUpIMIEHHs JaHoi mnpoOnemMu Ta
moOyI0BaHUI HOTOo alropuTM. 3 ypaxyBaHHSIM I[bOTO
aBTOPOM OyJI HaMi4eHI1 JI01aTKOBI BUMOTH JIJIsl PO3pOOKH
aBTOMATUYHOI CUCTEMH JUCTAHIIHHOI IHCTAIALI].
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Methods of Optimizing the Diagnostic Data
Processing for I nformation Management
Systems

Olena Syrotkina

Dnipro University of Technology
Dnipro, Ukraine

Abstract. This paper addresses the issue of creating and
applying mathematical methods for optimizing time and
computing resources when processing multiple data streams
circulating in a distributed information management system.
In order to solve this problem, we suggest methods of
reducing the space of analyzed states using the data
organization structure “m-tuples based on ordered sets of
arbitrary cardinality”. Using this data structure allows usto
minimize the time and computing resour ces involved.

Keywords: Big Data, Big Data reduction methods, data
organization structure, ordered set of arbitrary cardinality,
minimization of time and computing resources.

INTRODUCTION

At the present stage in the creation and application of
information technologies in various industries and energy,
the problems of diagnosing the operability of complex
hardware/software systems of an industrial enterprise
remain relevant [1, 2]. In the event of a system failure or an
abnorma situation being detected, large volumes of poorly
structured low-level primary diagnostic information are
generated within  seconds, which requires further
processing and analysis to restore the system [3, 4]. The
shortage of time, computing and information resources in
the processing of data, methods used for data analysis and
the need for prompt decision-making in real time affect the
quality of diagnostics and the recovery time of the system
[5].

Therefore, the most significant problem is the creation
and application of mathematical methods for optimizing
time and computing resources when processing multiple
streams of diagnostic data circulating in the information
management systems of an industria enterprise.

ANALY SIS OF APPROACHES TO OPTIMIZE DATA
PROCESSING

We propose mathematical methods for working with
the data structure “m-tuples based on ordered sets of
arbitrary cardinality (OSAC)” to solve the problems of
analysis and processing of various combinations of several
basic parameter sets for information management systems

[6,7].

This data structure allows us to describe a Boolean
template in a general way. This template is an ordered set
of all subsets of an ordered basis set of arbitrary cardinality
for any data type. In this case, there is a triple ordering of
data:

a) Ordering by basis set.

Basis set ordering alows an arbitrary algorithm to be
created for ordering the data of the basis set for aparticular

Mykhailo Aleksieiev
Dnipro University of Technology
Dnipro, Ukraine

Iryna Udovyk

Dnipro University of Technology
Dnipro, Ukraine

data type and for a specific task of working with datawhen
instantiating a template class based on the given data
structure.

b) Ordering by a Boolean of the basis set.

This approach divides a Boolean, elements of which
are tuples of element combinations of the basis set into
subsets by the criterion for the length of a tuple. This
alows us to order the subsets of a Boolean according to
the length of the tuple.

¢) Ordering by a Boolean subset.

This approach implies that we have a Boolean subset
with tuples of the same length. The tuple ordering is
consistent with the ordering of the basis set elements.

Triple ordering of data alows us to determine the
characteristic properties of the data structure elements and
the functional relationships between m-tuples based on the
analysis of their location in the data structure.

The application of mathematical methods for working
with the given data structure based on the properties
obtained and the functional dependencies thus derived is
one of the ways to solve the problem.

MAIN TERMS AND DEFINITIONS OF THE GIVEN DATA
STRUCTURE

Thelist of designations of the main elements of the data
structure "mrtuples based on OSAC" isshown in Table 1.

A more detailed description of the basic terms and
definitions, properties and patterns, as well as
mathematical methods for working with the data structure
“m-tuples based on OSAC”, is given in [6, 7].

TABLE1

THE LIST OF BASIC ELEMENT DESIGNATIONS FOR THE GIVEN DATA
STRUCTURE “M-TUPLES BASED ON OSAC”

Designation Definition
X Ordered basis template set
n Cardinality of set X
X i element of set X
i Element index of set X
2 X Boolean of set X
A Non-empty subset of Boolean 2% | dements of
m which are tuples of the same length m consisting
of elements of set X with cardinality n
kN Cardinality of subset Y1
m
yn ] mrtuple which is the j" element of subset v
m, j
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Designation Definition
m Length of tuple yrrw]m i i.e. the number of
elements of basis set X in the tuple
j Index of tuple yf, ; in subset Yn
K":{k,"ﬂlk,’;:(:]): Set of cardinaities k[, of subsets Yo for
:m.(nn!,m)l'limin} Boolean 2%
MATERIALS AND METHODS

In the data structure being considered, each m-tuple is
unique and its location is determined univocally. The
location of the m-tuple in the two-dimensional structureis
defined by apair of indexes (j, m).

As aresult of research of the properties and functional
dependencies between the data structure elements “m-
tuples based on OSAC”, certain properties of this data
structure, partially described below, were determined and
theoretically proven.

A) Certain properties of the ordered set of
cardinalities K " of subsets Y for Boolean 2%

Property A.1. The value of thefirst element of set K"
isalways equal to the value of cardinality n of basis set X.

Property A.2. The value of the last element of set K"
isawaysequalsto 1.

Property A3. The value of the m" elements
corresponding to the first and last elements of set K" are

aways equal.
B) Certain properties of maximum elements of an
ordered set with cardinalities K"

Property B.1. If basis set X contains an odd number of
elementsn, then the set of cardinalities K " of subsets Yy
for Boolean 2% has two elements with amaximum value.

Property B.2. If basis set X contains an even number of

elementsn, then the set of cardinalities K " of subsets Y

for Boolean 2% has one eement with the maximum
value:

Set K of maximal elements of set K" in general is

defined as follows:

2

K = (N%2) 2({K7 1. Kn.a3) DK},

where % is the operation of obtaining the remainder of the
division.

The graphs for evaluating the execution time of some
methods for working with the given data structure “m-
tuples based on OSAC” are given in [6]

CONCLUSIONS

The methods applied for working with the data
structure “m-tuples based on OSAC” allow optimizing the
data processing, since:

— in this data structure only the basis set X is
initialized, other elements of the structure are
generated as required on the basis of a certain set
of forma rules for obtaining data structure
elements;

—  the size of the memory used to store the basis set
in comparison with the entire data structure is
reduced by theamount (2" — n) - sizeof (T) , Where
T isatype of element of the basis set;

—  for acertain class of operations on data structure
elements containing a large array with a complex
data type structure as a basis set X, the
mathematical methods used can show m-tuples
with a complex data type as sets of integers that
are indexes of their location in the structure. This
adlows time and computing resources to be
minimized for data processing;

—  for a certain class of operations on data structure
elements, the determination of functional
dependencies between these elements by their
position in the structure is defined by a pair of
indexes (j, m). It allows us to calculate the result
based on these functional dependencies without
performing a cumbersome data processing
agorithm for alarge array and complex datatype.
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Anomayia. B podoTi [1eMOHCTPYETbCsl  pe3yabTaT
AoCTiikeHHSl e()eKTHBHOCTI (peiiMBOpkiB Ta 0ibJioTex
JavaScript npu peasnizauii oq1HOCTOPiHKOBUX Be0-10AATKIB.
Byau posrasinyTi Taki iHctpymenTn sik React, Vue.js Ta
Angular . By;io po3po6JieHo Bed-10JaTKH 3 BUKOPHCTAHHAM
JaHUX iIHCTPYMEHTIB i MpoBeeHO OLiHKY iX e)eKTHUBHOCTI.

Knrouosi  cnosa:  oomocmopinkoeuil
Angular, React, Vue.js, ppeiimeopk.

6e0-000amokx,

BcTvn

XMapoBi BeO-70aTKM HAOHMPAIOTh MMOMYJIIPHOCTI.
Bararo IT-xomnaHiii moMidaroTh If0 TEHICHIIO, 1 BCE
OibIIIe MPOTPAaMHUX TPOYKTIB PO3BUBAETHCSI HA OCHOBI
BiJIaJICHOTO JOCTymy. € 0araro aHajoriB HAaCTLIbHUX
Iporpam, SKi NMPOTIOHYIOTh OHJIAWH-BEPCIIO 32 HEBEIHKY
MIOMICSYHY IIaTy. BoHM HagaroTh OO THYYKOCTI Ta
MoOinbHOCTI. Hampukia, BU MOKeTe JIeTKO BBOJUTH AaHi
B CRM a6o ERP-cuctemu B XxMapi uepe3 CBiif MOOITHHIA
TeneoH, 1 e MOXKe BiIOyBaTHCS B JIOOOMY BUTiTHOMY
mis Bac Micui. CporomHi BeO-caliTH Bce yYacTile
PO3IIISIAIOTECS SIK KOPUCTYBAIBHHUILKUIA JTOJIATOK, a HE
SIK CTaTM4HI CTOPIHKH, siKi Oyim y Hac Oau3bko 10 pokiB
ToMy. 3 omHOro OOKy, NPUYMHAMH ILBOTO € CIPOOH
KOpPHUCTYBayiB OTPUMYBATH 1 CTBOPIOBATH iH(pOpMAIIiI0 Ha
OCHOBI 1X OCOOHMCTHX XapaKTEPUCTHK i BUMOT. 3 iHIIOTO
00Ky, BIIACHMKHM CaiTIB XOUyTh HaJaTH KOPHCTYBauam
Oinbi 3pyuHi iHTepdeiicu s podoTH 3 iHpOpMaIIi€ero.

OJTHOCTOPIHKOBI BEB-JIOJIATKI

SPA  abo Single Page Application - 1e
OJTHOCTOPIHKOBHH Be0-/10/1aTOK, KU 3aBaHTaXKy€ThCS HA
omny cropinky HTML. 3aBngku  nuHaMidHOMY
OHOBJICHHIO 3a  jomomororo  Javascript, Hemae
HEOOXIHOCTI Tepe3aBaHTaXyBaTH [IOJATKOBI CTOPIHKH
mig yac BUKOpHCTaHHS. Ha mpakTuili ne o3Hayae, 1o
KOpHCTyBa4 OauyuTh yBeCh OCHOBHUI KOHTEHT y Opay3epi,
a TIpU Tepexoi Ha iHIII CTOPIHKKM HEOOXiTHI eleMEeHTH
poCTO 3aBaHTAXYIOTHCS 3aMiCTh BCHOTO
nepe3aBaHTaxeHHs [1].

OnHOCTOPIHKOBI BEO-70aTKH AO3BOJISIOTH IMITyBaTH
poOOTy HACTUILHMX JIOJATKIB. APXiTEKTypa NMpU3HadeHa
JUISl OHOBJIGHHS JIMIIE YaCTHHHU BMICTY IPH Nepexoji Ha
HOBY CTOpiHKY. Takum 4YHMHOM, BaM HE JOBEIETHCS
nepe3aBaHTaXyBaTH OJHI 1 Ti k enemeHtu. Lle myxe
3pY4YHO I PO3POOHMKIB Ta KopucTyBadiB. OmHa 3
HAWMOMYJISIPHIIIMX MOB IIporpaMyBaHHs — Javascript —
BHKOPHUCTOBYETHCS 11 po3poOku SPA. OmHOCTOPiHKOBI
CalTH 3amyCKalThcsl B Opaysepi 1 He TOTpeOyIOTh
nepe3aBaHTAKEHHs CTOPIHOK 200 TOAAaTKOBHX CTOPIHOK
mjJ dYac BHUKOpUCTaHHSA. Taki JOJaTKU — TIOJHS

Hopomenko AHaToii

KIII im. Iropst Cikopcbkoro
Kuis, Ykpaina
ary-doroshenko@ukr.net

BHKOPHCTOBYIOTh MINBHOHH KOPHCTYBadiB, HAaBiTh HE
nomidaroun 1poro. Haltnomymsipriri nmpukmamu - GitHub,
Gmail, Google Maps i HaBiTh Facebook.

Kpim toro, po6oTa 3 miarpopMor0 0THOCTOPIHKOBHX
JOAATKIB BMMarae Ha0Oarato OuUIbLIE€ NOCBiLy B Taiy3i
apXxiTekTypu Ta Oe3nexu. BoHn xapakTepu3yroThest OUIbII
BHUCOKOIO YacTOTOI OHOBJIEHb Ta TOSBOI0 HOBHX
wiaTopM MOPIBHSHO 3 TPaIULiHHUMHU BeO-NOAaTKaMH.
Kpim Ttoro, pobora 3 OJHOCTOPIHKOBHUMH JOJATKaMHU
MOXE YCKJIQIHHTH HallallTyBaHHS aBTOMAaTH30BaHUX
nporeciB 30MpaHHA Ta PO3TOPTaHHSA Ta BHKOPHUCTAHHS
mapaMeTpiB  pO3TOPTAaHHSA, TaKHX SK KOHTCHHEpH,
MOPIBHSHO 3 TPAAUIIHHAMH BeO-I0AaTKaMU.

VY mpoueci podoTi KOpUCTyBady MOKE 37aTHCA, IO
BiH BHKOPHCTOBYE HE BeO-CalT, a HACTUILHUHA JOJATOK,
OCKIJIbKM BiH HeraifHo pearye Ha BCi cBoi [ii, He
3aTpUMyIodnch abo «3aBucarwoum». SPA 1 PWA — BeG-
caiiTu, sIKi MOCTYMOBO BHTICHSIOTH Kiacuuni MPA. Ile
NOB’SI3aHO 3 THUM, 10 BOHH JIETHIE PO3BHBAIOTHCS,
NpaLOITh IBHIIIE 1 M0J00al0ThCSI KOPUCTYBadaM.
OpnHak y HuX € cnaOkuit MomeHT — SEO onrtumisariis. He
Bci Opaysepu Bce Ile MOXKYTh HOPMAJIBHO ITPAIfOBAaTH 3
HUMH, TOMY s Toro, mo0 Taki mporpamu Oymu SEO-
IpY>KHIMH, TOTPiOHO BAAaTUCS 10 HU3KHU xutpoutiB. MPA-
caiiTh B IOMY IUIAHI TpocTimn Ta HamidHimi. s
CTBOPEHHS  CKJIQJIHUX  TIPOEKTIB  PEKOMEHIYETHCS
BUKOPHCTOBYBaTH (peiiMBOpKH, Taki sk React, Angular
a6o Vue. Ix apxiTekTypa H03BOJNISE CTBOPIOBATH THYUKi
BeO-70AAaTKM, a TaKOXX BOHM MAalOTh BEJIUKUH HaOip
TOTOBUX PillIeHb, 110 3HAYHO CHPOIIYE MPOIIEC PO3POOKH.
Kpim TOrO, BM MOXETE CTBOPIOBATH IOBHI MOOUNBHI
JIOZIATKU HA OCHOBI I[UX CTPYKTYP.

®PEIMBOPK ANGULAR

AngularJS — ue HaiicydacHima cuctema Google, ska
3a3BMYail  BUKOPUCTOBYEThCS Il poboTH 3
onHocTopiHkoBUMH mporpamamu (SPA). Angular]S e
BimKpuTUM KomoMm 3 uineHsiero MIT, i Bu moxeTte
CITiIKyBaTH 3a mporecoM po3podku AngularJS va GitHub.

BaxmuBa Bigminmicts Mik Angular i iHmmmm#
¢peliMmamMu TIONIATa€E B TOMY, [IO BiH BHUKOPHUCTOBYE
TypeScript. TypeScript — crporo TumizoBaHa MoBa
[pOrpaMyBaHHs, SKa TPAaHCIUIOEThCS Ha Javascript.
Tob6ro, Hamae mus JavaScript po3poOHHMKIB  HOBI
MOJKJIUBOCTI.

Tpancninsuis — e npouec nepeTBOpeHHs Koay oaHiel
MOBH IporpamyBaHHs B KoJ iHIOi (abo Tiel 5k MOBH, aine
pi3HuX Bepciii). Hampukian, neperBopeHHs Cy4acHOTO
JavaScript (EcmaScript 2015 - 2018) B 6inbi cTapui, o


https://translate.google.com/translate?hl=ru&prev=_t&sl=sl&tl=uk&u=https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=sl&u=http://angularjs.org/
https://translate.google.com/translate?hl=ru&prev=_t&sl=sl&tl=uk&u=https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=sl&u=https://github.com/angular/angular.js
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miaTpuMyeThes OnbmiicTio OpaysepiB EcmaScript 5. 1le
Iy’)Ke KOpHUCHA MOXIIHBICTH HaHOTO (pelMBOpKa, sfKa
Hagae 0araTo MOKJIMBOCTEN.

Ioxibno mnepeknagy ES2015-2018 y EcmaScript 5,
TypeScript Takox nepeknagaeTbest B JAVaScript 6y mp-skoi
Bepcii, moumnHaroun 3 EcmaScript 3. Takum dnHOM,
MiITPUMKA TAKOK HAJA€ThCA B cTapux Opaysepax [2-5].

®PEIMMBOPK REACT

React — ue O6ibmioreka, sika Oysia CTBOpeHa JUIst
HaJaHHI  MOJMJIMBOCTI  pO3pOOHMKAM  CTBOPIOBATH
iHTepdeiic xopucTtyBaya. BoHa momomarae BHpilryBaTu
npobjieMH He MOBHOTO, a YacTKOBOTO OHOBJICHHS

cropiaku. Ile mgyxke BaXIMBO 1mpH  po3poodmi
OHOCTOpIHKOBHX  BeO-momatkiB. Jlama  OiOmioTeka
po3pobnsietbest  Facebook, Instagram  Tta  mpocto

CHIIFHOTOXO, a/KE BOHA BiIKPHUTA.

React Hagae MOXIMBICTH HporpamicTaM CTBOPIOBATH
HE JIMIIC BEJIMKI BEO-TOJaTKH, a W OJHOCTOPIHKOBI, SKi
BUKOPHCTOBYIOTh JaHi, 1110 MOXXYTh 3MIHIOBAaTUCS Y Yaci,
NpU LIBOMY, MEepe3aBaHTAKEHHs CTOPIHKKM HE MOTpiOHe.
Line React — OyTy mpocTHM Ta IIBUAKUM i BiH 3 ITHUM
CIIPABIISAETHCA.

Tak sk React Bimnoimae BumoBi y Mmomemi MVC
(model-view-controller), To BiH BinmoBizae nwine 3a
00poOKy iHTpedelicy kopuctyBada y momaTtkax. L{s iforo
3MaTHICTh MOXe OyTH BHKOPHCTaHa 3  IHIIUMH
(bpeiimBopkamu abo 6i6mioTexkamu Ha 6a3i JavaScript.

3aBaHTaXXyIOUM CTOPIHKY, CKPHMIT TpUHAMAae Tif
KOHTpoJb eneMeHT DOM, sikuii BU mepesianu Ha HBOTO.
Tenep y 1mpomy enementi React manye BepxoBHO. Bin
MOXE€ CTe)KHTH 3a JisIMA KOPUCTyBada Ta 3MIHIOBATH
JIEPEBO CJICMEHTIB Ha Oyjab-skoMy piBHi. [y 1nporo BiH
BUKOPUCTOBYe mBHIKHN BipryameHuin DOM. llei
KOMIIOHCHT MOX€E IOJATH OYyIb-SIKHA KOMIOHEHT (a0o
JIepeBO KOMIIOHEHTIB), 3aJIe)KHO BiJi IIOTOYHOTO CTaHY
nporpamu. [lesiki qpiOHUII a00 HaBiTH BECh BMiCT MOXKYTh
3MinuTHCS [6-7].

VYV React He Bimoma wMoaenb MVC, OCKiUIbKH
KOMIIOHEHT BKJIFOYa€ B cebe 1 meperisin (Bisyauizallifo), i
noriky. Ile o3Hadae, MmO B KOMIIOHEHTi, TaKOMY SIK
CEJIEKTOP, BU BKa3y€Te sIK HOTO 30BHINTHIN BUTIISA, TaK i
MOBEIIHKY. Hns 3py4YHOCTI BUKOPHUCTOBYETHCS
criemiansHuii  cuaTakcuc JSX  (JavaScript XML). Ile
cxoxe Ha HTML, ane nacmpasai 1ie unctuid JavaScript.

DPENMBOPK VUE.JS

Vue — HoBHH perMBOPK JUI CTBOPEHHS iHTEp(eiiciB
KopucryBada. Ha BigmiHy Bif iHIIMX (peiMBopkiB, Vue
po3pobinieHnit 3 HyJs, 00 MOCTYIIOBO IHTErpyBaTUCS B
cepeny MIPOHpaMyBaHHS. OcHoBHa OibmioTeka
Opi€HTOBaHA IMIIE Ha IIap NeperuiTy, 1 ii JIeTKo
migOupaTH Ta iHTErpyBat 3 iHmUMH OibmioTekamMu abo
ICHYIOUMMH TIPOEKTaMH. 3 iHIIOTO OOKy, Vue Takox
YyIOBO 3MAaTHUH CTBOPIOBATH CKJIAJTHI OIHOCTOPIHKOBI
Be0-I0MaTKHM, KOJM BHKOPHUCTOBYETHCS B IOETHAHHI 3
CyYJacHUMH THCTpyMEHTaMH Ta 0i0Ji0TeKaMu ITiITPUMKH
[8].

OpHa 3 TosIoBHUX nepeBar VU — peakTHUBHICTb. Tak sk
Mozeni — JavaScript 06’ ekTH, TO KepyBaTH CTAHAMH yKe

npocto. KokeH KOMIIOHEHT aBTOMAaTHYHO CIIIKYye 3a
c00010 1 po3yMi€e KOJIH HEOOXiTHO pe-peHACPHTHUCS.

OIIHKA EOGEKTUBHOCTI METO/IIB

Jns nopiBHSHHA €(EeKTHBHOCTI NaHWUX MiAXOIIB 10
peamizamii  OJHOCTOPIHKOBHX  BeO-JOJATKiB  Oyio
CTBOPEHO JI0JIaTOK /71 TITaHyBaHHs — CIHCOK 3aj1a4. Moro
MOkHa nobauuty Ha Puc. 1.

Bci miaxoan nokasanu rapHi pe3ysbTaTy B IOPiBHSAHHI
3 HamMCaHHAM JI0JaTKa 3 BHKOPUCTAHHSAM JIMIIE
JavaScript. Ipu migpaxyHkax eheKTHBHOCTI OyJI0 B3ATO
KUTBKICTh PSAAKIB Koxy Ha JS3a 1.

Maemo Taki MOKa3HUKH €(eKTUBHOCTI:

1. Vuejs-0,321.

2. Angular — 0,356.

3. React-0,413.

ToOro, mnpu BHUKOpUCTaHHI  (PEMBOpKIB, MH
3MEHIIYEMO KUIBKICTh HAaNHUCAaHOTo Koay B 3 pasu. lle
3HAYHO EKOHOMHUTh 4Yac Ta 3aTpaTd Ha CTBOPEHHS
OJTHOCTOPIHKOBOTO JI0JaTKa.

Puc. 1. Be6-101aTok — CIHCOK 3a/1a4

BuUCHOBKU

VY cromcky 06i0miorpadiyHUX TOCHIIAaHB HABOASTHCS
TITBKH JUKEpela, Ha sKi aBTOP HOCHIIAETHCS Y TEKCTi.

B pesynpraTi BHKOHaHHA JaHOi pobotu Oymu
PO3MIISIHYTI METOAM CTBOPEHHS OJHOCTOPIHKOBUX BeO-
JIOAIATKIB 1 BUSIBJIEHO 1X e()EeKTHBHICTb.

IIpu cTBOpeHHI BeO-7OAATKy IS CIHMCKAa 3agad
HalieekTHBHIIIMM BUSBHUBCS hpeiiMBOpK VUE,JS, Tpiriku
MeHm edexktuBHUM Angular Ta HaliMeHIT eQeKTHBHHM
React. Ane y KOXHOTO 3 HUX € CBOI IUIFOCH i BOHH
e(eKTUBHIII, HiX TpocTuit JS.
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Ienmpanizoeane kepysanns my3uuHumMu
cepeicamu

boromon Poman

KIII im. Irops Cikopcbkoro
KuiB, Ykpaina

Anomayia. Meta cTaTTi — NeperjJsiHyTH HasABHi
cnoco0u BUpilIeHHS 3aBJaHHsA, BUIIJINTH iXHI HepeBaru i
HEOMIKH i 3Mo/e/I0-BaTH ApXiTeKTypHe pillleHHd, fKe
00’e¢qHy€e BcCi mepeBaru, a TakKo:K He Oyae MicTHTH
HEIO0JIIKIB OrJIsiHyTUX aHajuoriB. Halikpamum pimenHsam
AJs peaJjizanii 1aHOro 3aBJaHHA SABJSIETbCH NPOrPAMHMIA
NPOAYKT CTBOPHEHMii Ha OCHOBIi KJIi€HT — cepBepHOL
apXiTeKTypH cepBepHAa YacTHHA $IKOI peaJi3oBaHa 3a
JA0NOMOT0I0 MiKpPOCEpPBiCHOTO MiAX0aY.

Kntouogi cnosa: myzuuni cepgicu, Kiienm — cepeéepna
apximekmypa, MiKpocepgicu, ynpaeniHHaA  MY3UYHUM
KOHmMEHmoM.

[IpocnyxoByBaHHS ayAio-KOMIIO3HIA 3 KOXHUM
POKOM CTa€ BCE BAXIIUBILIOK YaCTHHOI CYy4acHOTO
JKHUTTSI, @ CIIOCOOM JOCTYIly 10 ayAio KOHTEHTY 3
KO)KHAM pOKOM CTalOTh MpocTimmMu. B Mexax
EBONIONII Tepemadi ay[io-TaHUX MOXKHA BHIUTUTH
NeKiTbKa CTaaid PO3BHUTKY: €Tal IPEeBATIOBAHHI
(hi3MYHUX HOCIIB I 3amucy (ailfliB eJIeKTPOHHOTO
(hopMaTy Ha KiHIIEBIf MaIIMHI KOPHCTYBa4ya (KOMIIAKT-
JIICKIB) Ta €Tal PO3IOBCIOIKEHHSI OHJIAIH-JOCTYITY.

Henosiku JUCKIB JOCUTH YUCIICHHI Ta MOJIATAI0Th Y
HEeoOXimHOCTI 30epiraHHs JaHUX, HECTIHKOCTI [0
MOMIKO/KEeHb, HE3PYYHOCTI BUKOPHUCTAHHS, a TaKOX
MOXJIMBOCTI BTpaTtu JaHuX. J[0o TOro », HpOTATOM
MEBHOTO  4Yacy TeHJEHIi€w Oyno  30epiraHHs
KOMIIO3WIii Ha MallMHI KOpHUCTyBada, M0 OyIo
00yMOBJICHO IJIIMITOBaHUMH pecypcamH iHTepHeTy. B
Pe3yIbTATI Iie IPU3BEIIO J0 TTOSBU HU3KK HEJOMTIKIB, sIKi
Oy 1MOB’sI3aHi 13 HEMOXKITUBICTIO BYACHOTO OTPUMAHHS
HOBMHOK MY3WKHM B MOMEHT iX BHXOJIy Ta IOSBH Ha
PHHKY 1 MOIITYKY iCHYr0Uoi KoMIo3umii. [laHi HeJOMiKI
MOPOJIMIIM  CEepBICH 3 MPOCIYXOBYBaHHS MY3WYHHX
KOMITO3UIIiN OHNaiH. [laHWi miaxim € 3pydHuM Jis
KOpHCTyBaya, ajie B XOJli PO3BUTKY PECypCiB TaKoro
TUIY Ta 30UTBIIEHHSAM IX KUTBKOCTI BHHHKJA MpodiiemMa
3a0e3medeHHs IEHTPaIi30BaHOTO JOCTYILY 0 CEPBICiB.

JI1st BU3HAYEHHS IUISIX1B BUPIMIECHHS X HEAOIKIB
pO3IJITHEMO icHYrOUi cepBicH Ha mpukiani Spotify,
Apple Music, YouTube Music. My3uka Moxe OyTH
neperyisiHyTa abo BifcopToBaHa (3HaiileHa) 3aBASKH
MOXJIMBOCTI TOIIYKY 3 BHKOPHCTaHHSIM PpIi3HUX
napaMeTpiB, TakMX SIK BHKOHaBellb, ajlbOOM, >KaHp,
CIHCOK BiATBOpeHHs. Jlisi KOpuCTyBada HaJaeThCs
MOXIIMBICTP CTBOPEHHS 1 peJaryBaHHS CIIMCKIB
nporpaBaHHs. IIpoTe, HasSBHICTH IUIATHUX IiANHCOK,
HEOOXIiTHICTh TEPEKITIOYATHCh MiXK PI3HUMH CepBicaMu
MOPOJKY€E 3aBIaHHS IICHTPATI30BAHOTO YTPaBIiHHSI B
MeXax MiKCepBiCHOI B3aeMoxii Ta arperamii aynio
KOHTEHTY KopucTyBaua. J{isi moOyaoBH NpOrpamMHOTO
pilIeHHs] HEOOXiTHO MpoaHaNi3yBaTH iCHYIO4I cepBicH,
a came (opmar B3aeMofil 3 HUMHU. B sikocTi jkepena
KOHTEHTY Ui  NOJAJbLIOr0  LEHTPalTi30BaHOTO

VOpaBITiHHA Ta arperamii. AHaNI3yI0UHd JOKYMEHTAIIIO
po6oru APl (Application Programming Interface) [1]
BHUIIIE3TaIaHUX CEPBiCiB MOXKHA 3pOOUTH BUCHOBOK, IIIO
JaHI cepBicH MAarOTh CXOXKHH THII aBTOpHM3amii 3a
JoroMororo  Bimkpuroro mportokoiny OAuth 2.0 [2],
SKAA JIO3BOJIAE TPETid CTOPOHI  HajaBaTH MpaBa
00MEKEHOr0 JIOCTYIy N0 PeCcypciB KOpHCTyBada 0e3
HeoOXiTHOT mepeaayi JIoriHa i mapoJs.

Jns arperamii 1 IEHTPai30BaHOTO YIPABIiHHS
My3HYHHX CEPBICIB OYyJI0 BHAUICHO PSII 3araibHUX
O3HaK 1 (QYHKIIH, sKi NpUTAMaHHI KOXHOMY i3
BUILE3raflaHiX CcepBiciB Takux sk: YouTube Music,
Deezer Spotify, 1mo BimirpaioTh OCHOBHY pOJIb IO
B3a€MOZIi 3 My3WYHHM KoHTeHTOM. Ilin wac ornsamy
ICHYIOUHX pillleHb OyJI0 3HaHJIEeHO HACTYITHI JOJATKH:
Soundiiz i Musconv. lonatok Soundiiz, peanizoBanuii
3a  JIOTIOMOTOI0  BEO-OpIEHTOBaHOI  apXiTEKTypH,
00’eiHy€e OJIM3BKO TPHUAUATH MY3WYHHX CEpBICIB 1
peasi3oBye alrOpPUTMH Iepeaadi My3UuHHX JTaHUX MIXK
MOTOKOBUMH aTGpopMamu. Jo OCHOBHUX
MOXIIMBOCTEI JIaHOrO JOJATKy MOXKHA BiJJHECTH
CHHXPOHI3allil0 CIUCKIB BIATBOPEHHS 3a JIOIIOMOTOIO
SKOT MOXXHa LIEHTPalTi30BaHO KEPYBaTH CTBOPEHHSM,
BUJAJICHHSM, PelaryBaHHAM MY3HYHOIO KOHTEHTY BCIX
ceppiciB. TakoX BHKOHaHA MOXJIHBICTH IMIOPTY Ta
SKCIIOPTY JJaHHX 32 JOIIOMOTOK0 (QailJIiB 3 PO3LIMPEHHAM
M3U, XSPF, TXT, CSV, URL nocumanHsg Ta iH.
MusConv — matdopma sika 00’ €1Hy€e B c00i OLIBII HiXkK
30 My3W4YHHX CepBiciB, Mae 0araTo CHUTBHHX
moxuBocTedl i3 Soundiiz, a came cuHXpOHIi3aLi0
MY3MYHHUX CHHCKIB, €KCHOPT 1 iMnopt nanux. Jlomatok
Mae i cyTTeBy nepepary Haja Soundiiz, ToMy 1o Mae
cBO€ rpadigHe BIKHO KOpPHCTyBada (JIECKTOI) 1 €
JIOCTYITHUM JUTs O1TBIIOCTI Cy4acHUX MPUCTPOIB.

Cepex mepeBar JaHMX pillleHb MOXXHAa BHUIUINTH
3PYYHICTb CTBOPEHHS HOBUX CITMCKIB BiJATBOPEHHS,
ajxe JIOMAETHCS MOJJIUBICTB 1a0JIOHHOTO
3aBaHTa)XeHHs (ainiB € BkazaHoMy dQopmari i ix
nporpamMHa  oOpoOka  (mapcunr). Ui daiinn
CTBOPIOIOTBCS 32 JJONOMOTOIO IMOIYJISIPHUX MY3WYHHX
IUTEEPIB, IO TO3BOJISE KOPHCTYBAYEB] BiIMOBUTHCH Bij
PYYHOTO BBOJY iH(OpMAaILii, a TAKOK Ha/Ta€ MOXKIIUBICTh
napcuHry naHux 3a gomomoror URL-mocwmanHs.
Cepen HENONIKIB MOXHA BUIUIMTH TUIATHY ITiIITUCKY
JUIA KOXKHOTO 13 TPOIYKTIB, BiJCYTHICTh BIKOHHOTO
moxarky mig OC Windows, Linux y Soundiiz, sxuii mir
OM CIIPOCTUTH JOCTYI KOPUCTYBaUiB JI0 cepBicy. Takox
IIPY BEJIMKOMY HaBaHTa)KEHI Ha J[aHl pECypCH MOXKIIMBE
«3aBHCaHHS» POrpaMHU Ha AESKUIi uac, 1uis TOro abu He
NPU3BECTH JIAaHMX HE3PYyYHOCTEH JuIsi KOpHCTyBada
HaKJIQIAIOThCsl OOMEXEHHS IO KIJIBKOCTI CTBOPEHHUX
TPEKIB B OZIHOMY i3 CIIMCKY BiATBOpEHb. BianosinHo 10



26

Summer InfoCom Advanced Solutions 2020

MPOBEICHOTO OTJIALy OyJI0 BCTAHOBICHO INEpEBAard Ta
HEIOJNIKMA ICHYIOUMX CHCTeM. B BigmoBimHOCTI 10
HasBHUX HEJOJIKiB TOCTa€ 3aBIaHHSA IO peamizamii
aHAJIOTy  ICHYIOYMX  pIillleHb, M0  3a0e3MeYHTh
MO€THAHHS IepeBar Ta MiHIMI3y€ KiIbKICTh HEJOJMIKIB.
Buxonsuu 3 orisily aHanoriB 3aBJaHHS Ha pealli3allilo
NpOTpaMHOr0 3aco0y CKJIaJaeTbcss 3 HAIMCAHHSA
CHCTEMH, 10 MICTUTUME B SIKOCTI MPEICTAaBICHHS IS
KopuCTyBaua rpadiyHuii BiKOHHUI momatok. JlaHa
cUcTeMa MOBHHHA MTOEJHYBAaTH BCi NepeBaru CepRiciB,
a caMme: MOXIMBICTh aBTOMAaTHYHOTO 3aBaHTa)KCHHS
MY3UYHHX KOMIIO3WI[ii Ha OCHOBI 3aBaHTAKCHHSA
crneniaiizoBaHoro (opmaty (aitiiB, SKi CTBOPIOIOTHCS
3a  JONMOMOTOIO  aynmio-TIporpaBadiB 3  Pi3HEM
PO3LIMPEHHAM, MOXIMBICTD  OTPHMAaHHS  CIHCKY
BiATBOpeHHs 3a jpornomoroto URL-nocunanHs, HajaTu
3MOTy KOPHCTYBaueBi JJIsl BUIBHOTO 1 Ta MOXIJIHBICTh
MOIIYKY KOMIO3UINT B HACTiJIOK BBOJY TEKCTY, SIKHIA
Oy/ie 34MTaHO 1 3HAW/ICHO BIIOBIAHUH TPEK Y KO)KHOMY
i3 cepeiciB. Takoxk NOTPIOHO YHHKHYTH HENOJIKIB, sKi
OyIyTh CIPOBOKOBaHI 32 YMOBH OOpPOOKH BEIUKOTO
o0csTy MaHUX: HAsABHICTH CYTTEBOTO Ta IIOMITHOTO
3HI)KEHHS IIBUJIKOCTI BITKJIMKY. BaxmuBum acriekrom
€ HasIBHICTH IUTATHOI MiJMHCKH, SKa HaKiIagae Oarato
CYTTEBUX OOMEKEHb IO 3pyJHOCTI KOPHCTYBaHHS.

Jns Toro mo0 CTBOPUTH KOMIUIEKCHE NPOTPAMHE
pillIeHHs] B Me)kaxX ONKMCaHOl BHUILE 3ahadi, HEeOoOXiJTHO
BU3HAYMTH  3araJlbHUi  TUO  MDKKOMIIOHEHTHOI
B3aeMOJIi B MeXax MMOOyIOBH apXiTEKTypHOIO
pIlIEHHS, BUXOISYM 3 KPUTEPII0O MPO HASBHICTH
JIEKiTbKOX IIPUCTPOiB B OJJHOTO KOPUCTYBaya Ta 3HAYHOT
KUTBKOCTI KIiHIIEBUX KOpHUCTYBadiB cepBicy,
3aITUIIAIOTHCS HACTYIIHI apXITEKTYPHI PIIICHHS: KIIIEHT-
cepBepHa  apxitektypa [3], cepBic-opieHTOBaHA
apxitektypa (SOA, anri. service-oriented architecture)

[4].

KitienT-cepBepHy apXiTeKTypy MOXKHa CHpHAMaTH
K KOHICTIII0 iH(pOpMAaIiiiHOI Mepexi, Nie TOJOBHA
YacTHMHA pECypciB 3HAXOAMTBCS Ha cepBepax, sKi
00CITyroByIOTh CBOIX Kii€HTiB. JlaHa apxiTekTypa
CKJIQ/IA€ThCS 13 HACTYITHUX KOMITOHEHTIB!

1) HaGip cepBepiB, ski 0OPOOISAIOTH 3aAMUTH
KITIEHTIB.

2) HaGip kii€eHTIB, IO 3BEPTAOTHCS O CEPBEPHOT
YaCTHHH CHCTEMHU.

3) PiBenp KkoMyHikalii, o 0a3yeTbcs Ha
MEpEeKEeBHX TNPOTOKOJAX  B3aeMonil Ta 3abe3nedye
0oOMIH IH(pOPMALIEI0 MK KOMIIOHGHTAMH CHUCTEMH, a
caMe KJIIEHTaMH Ta CEepBEpPaMH.

Cepgic-opieHTOBaHa apxitexTypa(SOA) -
MOIYJIBHAN MiAXiZm Ui pPO3pOOKH TIPOTpaMHOTO
3a0e3neyeHHs, B SKOMY KOMIIOHEHTH pO3MOJiJICHI B
pI3HHX By3Jlax MepPEKi, AKi € ciabomoBs "3aHUMU MK
co0010, a TaKOXX MAlOTh CTaHIAPTU30BaHi iHTepdelcH
JUIL B3a€EMOJIl 3a CTAHIAPTU30BAHMMH IPOTOKOJIAMH
puc. 1.

IIporpaMHi KOMIUTIEKCH, SIKi PO3pOOJIEHI HA OCHOBI
CEpBIC-OPIEHTOBAHOT apXIiTEKTypH, PEANTI3YIOThCA SIK
HaOip BeO-ciyk0, B3aEMOZIIOYMX  3a4acTy  IPo
nporokoiry SOAP[5].

OnuH i3 BapiaHTIB CepBic-OPIEHTOBAHOI apXITEKTypH
— MiKpOCepBiCHa apXiTeKTypa.

TR maC Paaamrogd
(S - Lo Cwpnis
Rat el Capacm

[ How T pn Hastigus { AT
I Govmc Mo ] I Uee |

VPnc. 1. CmyKTypa SOA )

ADpXITEKTYpHHUI CTHJIb MIKPOCEPBICIB — Lie MiAXif,
KOJIM €MHUI JIOJATOK PEasli30BYETHCS SIK CYKYIHICTB
HEBEJUKHX, CAaMOJOCTAaTHIX, HE3aJIeKHUX, HE TICHO
3B’SI3aHUX CEPBICIB, IO CIIKYIOTBECS MK CO0OI0 3a
JIOTIOMOTOI0 Ha0Opy HAcTymHUX mnportokoniB: HTTP,
gRPC, AMQP. Kosxen cepic moOyqoBaHHi HaBKOJIO
MEeBHUX Oi3Hec-moTped 1 € BiONOBITaTBHUM 3a SKUICH
KOHKpETHHH  Oi3Hec-mpoliec  Ta  PO3rOPTAETHCS
HE3aJIeKHO OJUH Bil OJHOTO 3a JONOMOTOI0 HOBHICTIO
aBTOMAaTH30BaHOrO cepenoBuiia [6]. ust peamizaril
KO>KHOTO CEepBICY B MEKaX MIKpPOCEPBICHOI apXiTeKTypH
MOKe OyTH BUKOPUCTaHA OJIHA i3 OPIEHTOBAHUX I/ TAHY
3a7a4y TEXHOJIOTIH, IO Hajgae MOXJIMBICTh MPH
CTBOPEHHI B MeXaX OKpPEMO B3iTOrO CepBicy
abcTparyBaTuch  BiJl TEXHOJOrH  po3poOku  Ta
BIJITIOBIZIHAX MOB IPOTPaMyBaHHS 3a JOTIOMOIOI0 SKHX
Oynu peanizoBaHi iHI cepBicu. KoxxeH cepBic sk
OKpEeMHI KOMITOHEHT MIKPOCEPBICHOI apXiTeKTypH
MOJKE MICTHTH B3a€MOJIIO 3 PI3HHMH THUIIAMH JKEPel
JIaHuX, 0e3 MPHUBA3KM 10 KOHKPETHOTO THITy B MeEXKax
Bciel apxiTekrypu. JlaHWiA WinXix Mae HACTyIHHUH
CIHCOK TIepeBar:

1) ChopouieHHs JONOBHEHHS iCHYHOYOro, Ta
MojepHizalii (QyHKI[IOHATY 3a JOMOMOTO0 101aBaHHS
OKpEMOTO KOMIIOHEHTY B apXiTeKTypy YH 3MiHH
ICHYIOUYOTO Bi/IMOBIIHO.

2) MoxiuBicTs abCcTparyBaHHs BiJl iCHYHOUHX
KOMIIOHEHTIB apXiTeKTypH, IO J03BOJIAE€ HE3AJICKHO
3MIHIOBATH  JIOTIKY  TOBEAIHKH  OKPEMO  B3STOI
apXiTEeKTYPHOI OJJMHUII].

3) BigmoBocriiikicTh, 1O  3a0e3MeYyeTHC
MOXIIMBICTIO ~ PO3TOPTaHHS  HOBOTO  EK3EMILIAPY
apXiTEeKTYpHOI OJMHUII(CEpBICY) y BHIIAAKy HOTO
BiMOBH.

VY BigmoBigHOCTI 10 crhenudikamii TeXHIYHOTO
3aBIaHHS Ha pO3poOKy Ta crnenudikd i oOMeXeHb,
mepeBar Ta HEJOMIKiB KOXKHOTO 3 BHIIB apXiTEeKTYpHUX
miaxoaiB, Oyno NpUHHATE pIilIeHHS HpPO peali3aiiio
B32€EMO/Ii1 KJIIEHTCHKOT CTOPOHU JIOJIATKY 3 CEPBEPOM B
MeXaX KIIEHT CEpPBEPHOI apXiTeTypu Ta peaizalliro
CepBEpHOi YACTUHM Ha OCHOBI  MiKpOCepBiCHOI
apxiTeKTypu. 3arajibHa cXeMa KOMIIOHEHTIB CHUCTEMH
CIPOEKTOBaHa Ta IPOAEMOHCTPOBaHa Ha puC. 2.

Po3riisiHeMO cepBepHHMH KOMITIOHEHT apXiTEKTypH.
Buxonsuu 3 KpuTepito 3aBaHTaXKEHOCTI Ki1acy Mmoi0HuX
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Puc. 2. Cxema poboTH cucTeMu

MiICHCTEM CepBEpHE PIllICHHS 110 arperaiii KOHTEHTY Ta
Horo oTpuMaHHIO, OyJIO CIPOEKTOBaHE Ha OCHOBI
MIKpOCEpBICHOT ~ apXiTeKTypH, 10  3abe3nedye
MOXIIMBICTh TOPH30HTAIBHOTO Ta BEPTHKAIBHOTO
maciTabyBanHss  [7/]  KiHIIEBOrO  pillleHHS B
BIANOBIMHOCTI 10 HABAHTAXKEHHSA B IIOTOYHUNA MOMEHT
yacy. B3aemojist B Mexax MIKpOCEpBICHOTO pillIeHHS
noOynoBaHa 3 BHKOPDHCTAHHSAM IIMHH JIaHHX, LIO
3a0e3meuye IEHTpaTi30BaHe YIPaBIiHHSI MiKCEPBICHIM
TpadikoM Ta rapaHTye HOro OTPUMAHHS EK3EMILIIPOM
KOHKpeTHOTO Mikpocepsicy. lllnHa manmx € BXiZHOIO
TOYKOI0 B MEXaHi3M MDK CEpBICHOI KOMYHIKamii Ta
BIIIIIOBiZa€ 3a MOOYAOBY MAapIIPYTIB UL MEPEKEBHUX
nakeriB. Jlns oTpuMaHHS OOMEXEHOro 3aXHILEHOTO
JOCTYIly JO JaHHX KOPHUCTyBada B KOXHOMY i3
MY3WYHHX CEPBICIB Ha KIIIEHCHKIH YaCTHHI IOJATKY
HEOOXIZHO peani3yBaTH aBTOPU3AI[il0 HA OCHOBI
npotokonry OAUth2.0, skuii minTpumye KoxeH i3
CepBICiB, 3a JIONIOMOTOI0 SKOro OyAe HalaHO MapKep
Joctyny (access token), sikuii B CBOIO Yepry HaJjaBaTUMe
MOJKJIMBICTh BHKOHYBaTH [ii 1o oOpoOmi maHux Oe3
Oe3nocepeIHbOl y4acTi KOPUCTyBaya y JAHOMY TPOLEC.

TEXHIYHE PILIEHHS

Just peanmizamii CIPOEKTOBaHUX aAPXITEKTYPUHUX
piiieHs OyJi0 MpPOaHATi30BaHO HAsBHI TEXHOJIOTII, Ha
OCHOBI SIKHX MO>KHa PO3pOOHTH POIPaMHHi IPOJYKT B
Mexax O0OyMOBIIEHOI apxiTekTypu. byno po3risHyTO
HepesiKk TEeXHOJIOTIH, 1110 HA/lAloTh IHCTPYMEHTAapii Mo
peaizarii MKKJIIEHTCHKOT B3a€EMOJIiT B MEKaxX KIIIEHT —
CEPBEPHOI apXiTEeKTypH MPOTPAMHOTO PIiIIEHHS TaKi 5K
JAVA, .NET. Ha ocHOBi mopiBHsIHHs TexHOsorii [8]
WPF i Swing, a came Ha OCHOBI XapaKTEpPUCTHK
pecypco3aTpaTHOCTI IO IIBUAKOMII, OIIePaTHBHIN
maM’sTi, Ta CKJIAmHOCTI peamzamii. Pesynpratn
MOPIBHSHHS IPOJEMOHCTPOBAHO HA pHC. 3.

Byio npuiiHsiTe pineHHs 1o peasnizanii 3aCTOCYHKY
Ha ocHOBI mratdpopmu .NET, sk ontumansHOi mO
CIiBBIIHOIICHHIO BWINE TEpPEPaxOBaHUX KPUTEPIiB.
[Jana matdopma BKITFOUae B ce0e HACTYITHI ITepeBary:
1) 3abesneuyeHHs Y3TOJKEHOTO 00'eKTHO-
OPIEHTOBAHOTO CEpPE/IOBHINA MPOTPAMyBaHHS JIJIst
JIOKJILHOTO 30€peXeHHs 1 BUKOHAHHS 00'€KTHOTO
KOy, M JIOKQIBHOTO BHKOHAHHS  KOAYy,
PO3IMOALICHOTO B IHTEPHETI, 400 IS BiJIaJICHOTO
BUKOHaHHSI.
2) 3abesmeuyeHHs cepeIOBHINA BUKOHAHHS KOIY,
0 MiHIMI3ye KOHQIIKTH TPH pPO3rOpTaHHI
MmporpaMHOTO  3a0e3ledyeHHs Ta  yHpaBIiHHI

BEPCISIMH.

3) 3abesmeueHHs €IMHUX TPHHIHUIIB PO3POOKH
JUIA Pi3HUX THIIB JONATKIB, TaKUX SIK JOJATKH
Windows i BeO-1omaTKu.

Puc. 3. Hopiersiaas meuakoxii WPF ta Swing

CranoM Ha cborofiHi B Mexax miathopmu .NET amst
peaimizaiiii rpadiuHOi KITI€HTCHKOT YaCTHHU BUIUISIIOTH
texuonorii WPF i WinForms. WinForms — texuaomnoris
JUI CTBOpeHHS rpadivHoro inTepdeiicy KopucTyBaya.
Joctyn no eneMeHTiB iHTepdeiicy BinOyBaeTbcs 3a
noromororo obroptku Win32 APl B kepoBaHoMy Koi
[9]. Texuomorin WPF (Windows Presentation
Foundation) e wacturoto mratrdopmu .NET i sBuse
cobor0 miacucTeMy Ui TOOYAOBH  TrpadivHHX
iHTepQeiiciB.

[Tpu cTBOpeHHi monatkiB Ha ocHoBi WinForms 3a
BiZIOOpa)KeHHsI €JIEMEHTIB ympaBiiHHig 1 rpadiku
Bignosimanu taki yactuan OC Windows, sk User32 i
GDI+ [10], o momatku WPF 3a6e3mneuyroTs moOymoBy
rpadikd 3aCTOCYHKY 3a JIOTIOMOTOK  TEXHOJOTl
DirectX. Y wupomMy moJisirac KiI04OBa OCOOJIMBICTB
no0yoBu rpadivHOro BigoOpaXkeHHs (pEeHIepUHIa) B
WPF. Buxopucroytoun WPF, 3nauna yactuHa poboTH
mo BimoOpakeHHI rpadiku, BUKOHYETHCS TpadidHUM
NPOLECOPOM HAa BiJCOKapTi, LI0 TAaKOXK H03BOJISE
CKOPHUCTATHUCS arapaTHUM NPUCKOPEHHSM rpadiku.

AHani3yioun omnucaHi BUINE TepeBaru Ta HaBeACHE
MOPIBHSHHS JIAHOI TEeXHOJIOTII 3 aHajoramu, OyJo
NpUIHATO pimeHHss oOpatu TtexHoiorito WPF s
po3pobku rpadiuHorOo iHTEpdEiicy kopuctyBada. s
peamizamii cepBepHOi YACTUHH JOJATKy B MekKax
apXiTeKTypHOTO pillleHHs, Ha JaHUH MOMEHT dYacy
BUJIUISAIOTH HACTYITHHUI Ha0ip TexHoorii Spring (Java),
ASP.NET Core (C#) , GGI (C++). PosrisHemo naHi
TexHounorii Outein peranbHo. Texnonoris Java Server
Pages (JSP) [11] € KOMIIOHEHTOM €AMHOI TEXHOJOTII
CTBOPCHHSI 3aCTOCYBaHb IO 0Oa3yrorecs Ha J2EE, 3
BUKOpHUCTaHHIM WeD ixtepdeiicy. [laHa TexHooOris
anajioriuna g0 ASP Web Forms, wna pasi ii
3aCTOCYBaHHS OOMEXKEHE MiATPHMKOIO BXKE iCHYIOUHX
mpoekTiB. Ha 3MiHy pmaHifi TexHOJOTII NPHHIIIO
pimeHHs B BUTISIAL peiiMBOpKY Spring, mo micTuth
PO3MEXyBaHHs JIOTIKA Ta MpeACTaBieHHs. [Ipuuomy
naHuil  QpedMBOpPK TOOyMOBaHWUN 3 ypaxyBaHHSIM
npuniunie S.O.L.1.D., mo Hamae TrHy4YKOCTI KOIy B
MEXax  apXiTeKTypH JOJAaTKy. BiAmoBimHOo IO
MOPIBHSUIBHOI XapaKTePUCTHKH (peiiMBOPKiB HaBeIeHA
Ha puc. 4., QpeiiMBopk SPring MWBHAMIHKN, a TAKOX
3a0e3neuye apXiTeKTypHO KOPEKTHMH MiIXiJy 0
peasizawii cepBepHOr0 3aCTOCYBAaHHS.
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Puc. 4 INopiBHsHHS (peiiMBOPKIB

Takox  HasBHa  IOHPOKO  BHUKOPHCTOBYBaHA
texHounorist CGI (3aranmbHuil iHTepdelc numosy), ska
CICIiaTBHO 3aCTOCOBYETHCS JUTSE CTBOPCHHS
JUHAMIYHUX BeO-CTOPIHOK. BimmoBigHO MO TEXHOJOTIT
CGI, HTTP 3amuT, sAKWii MICTUTh IOCHJIAHHI Ha
JUHaMIYHy CTOPIHKY, B MOMEHT OIIpallOBaHHS BeO-
CepBepoM, TeHepy€e HOBHH MPOLIEC 1 3aMyCcKae MoTpioHy
npukianHy nporpamy. Texaomoris CGI mnst po3pobku
BeO-ONATKIB MOXKHA BHKOPHUCTOBYBAaTH  CKPHIITH
Hanpukiazg Python, Perl, Tcl. BimoBizaum Hemomikom
TaKOTO MIAXOAY € BiACYTHICTH MOXIHBOCTI MOOYIOBH
CKJIATHOTO DILICHHS B MEXaX apXiTeKTypH MOTOYHOTO
CEpBEPHOTO 3aCTOCYBAHHS.

OpnHi€lo 13 HAWHOBIMIMX TEXHOJOTIH ISl PO3POOKH
BeO-nonatkiB — ASP.NET Core. [lana TexHOJOTIs €
albTepHATHBOIO po3BUTKY Twardpopmu ASP.NET.
ASP.NET Core Moxke mpaiioBaTH TOBEpX Kpoc-
wiathopmuoi cepenosuina .NET Core, sike Moke OyTH
PO3rOpHYTE HAa OCHOBHHX TOIYJIIPHUX OMNepaiifiHuxX
cucremax: Windows, Mac OS, Linux, mo 3abe3mneuye
MOXITHBICTh CTBOPEHHS KPOCC-TIAT(OPMEHHUX PIllIeHb.
Hopisutoroun Texuonorii CGl ra ASP.NET Core [12]
MOXHa HiTH 100 BHUCHOBKY, mo CGl e ckmagHa B
peamizamii Ta MICTUTh BHCOKHH TIOpIr AN BXOAY
CIELIaJIICTIB, a TAKOXK HE HAJIa€ MOXKIIMBOCTI IOOYI0BH
KOPEKTHOT'O apXITEKTYPHOT'O PIIIEHHS, 110 € KITFOYOBUM
(daxkTopoM Juisi peajizauii MmiCMCTEM NAHOTO Kiacy.
[TopiBHSIHHS IIBUIKOCTI ONpAIOBaHHS OJHOTO i TOTO
CaMoro 3aIMTy CEPBEPHUM PIIIICHHSM peali30BaHUM Ha
GGl ta ASP.Net 306pakeHo Ha puc 5.
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Puc. 5 nopiBHAHES MBHAKOIT pearti3aniii cepBepHUX pillleHb
CGI ra ASP.NET CORE

B wmexax ormsmy Oyno 3poOiieHO TOpPiBHSHHS
texroJorii Spring i ASP.NET Core [13] mo kputepism
IIBUJIKOCTI MEPETBOPCHHS  CTPYKTypU JaHUX Y
HOCJIITOBHICTh OITiB (cepiamizawisi) pe3yabTaTH SKOTO
HaBeIeHO Ha puc. 6. Ha ocHOBI HaBeAECHUX MOPIBHSIHD
TEXHOJIOTii TI0 HabOpy BKa3aHUX KPUTEpiiB, TAKUX SK
MIBUIKICTH 0OPOOKH 3aIUTy, PECypCOEMHICTD B MEXax
OTIEpaTHUBHOI IMaM’SITi Ta MPOIIECOPHOTO HABAHTAKEHHS,
a TaKOX CKJIAJTHOCTI peai3allii moCTaBICHOTO 3aBIaHHSsI

[ -z

>

Py——
[ .

-
Jefaianin vlaja)s
tr

e
ke

Puc. 6 [NopiBHsHHS WBHUAKOIII cepiaizalii CTPYKTyp AaHHX Ha
6a3i ASP.NET Core ta cucremu Ha 6a3i Spring

3a TOTIOMOTOI0 TEXHOJIOT11 OyII0 PUHHATE PilIeHHS PO
ONTHUMAJIFHICTh BUKOPUCTAHHS TEXHOJIOTIi .NEt Core ms
moOyJOBH  CEpPBEpHOrO  pImIEHHI B Mexkax
MIKpPOCEpBICHOI ~ apXiTeKTypu M 0OYMOBJIEHOTO
TEXHIYHOTO 3aB/IaHHS Ha PO3POOKY.

BucHOBKU

ITix yac HamMCaHHS CTATTi OYJI0 OTJITHYTO 3aBJaHHS
LEHTPAi30BaHOTO YIIPABIIHHS My3UYHUMH CEPBiCaMH i
MPOAHATI30BAHO ICHYIOYl aHAJOTH IS BUPINICHHS
nmocrtarieHoi 3amaui. Ilig wac ormsamy pimeHs Oyiio
BUSIBJICHO Psi/l HEIOJIKIB, sIKi OyJIH OB’ s13aHi 3 TUIATHOIO
MIAMKACKOIO 1 HAKJIaJaHHAM 0OMEKEHb Ha KOPHCTyBaya,
a TaKOXX MOXJIMBE HABaHTa)XCHHS Ha CHCTEMY IIi 4ac
00poOKM BeNMMKOi KiNMbKOCTI maHWX. {1 BHpimIeHHS
3aBJaHHS Oyno 3MOJIeTIbOBaHE KOMIUICKCHE
apXITEeKTYpHE PiLlIeHHs, CKJIa0OBUMH YaCTHHAMH SIKOTO
€ KIIIEHT — cepBepHa apxXiTeKTypa B MeKaxX B3a€MOJil
KITI€EHTCHKOTO JIONATKY 3 CEPBEPOM CHCTEMH Ta PilICHHS
Ha OCHOBI MIKpO-CEpBICHOT apXiTeKTYpH IJIsl CEpBEPHOL
YaCTHHHM 3aCTOCYHKY B BIAMOBIZHOCTI 70 BKa3aHUX
BUMOT Ta KkputepiiB. [lig wac orisigy TEXHIYHOTO
pilieHHst Ui peaiizauii mocraBiieHol 3amadi Oylio
MPOaHAI30BaHO 1 TMOPIBHSHO TEXHOJOTii, MOBHU
NpPOrpaMyBaHHs 3a KPUTEPIAMH LIBUAKOIII CHCTEMH i
YacOBHUX 3aTpaT AJsl HAIMCAaHHsS JAHOrO MPOAYKTy. B
pe3yIbTaTi MOPIBHAHHS OYJIO 3p00JICHO BUCHOBOK, PO
BuOip miardopmu .net core ta texuomorii ASP.NET
Core mis peamizamii KO)KHOTO MIKpPOCEpBiCy B MeKax
cepeepy Ta texHomorii WPF ams  peamizamii
KJTI€EHTCBKOTO 3aCTOCYHKY.
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Anomayia. Meta nyOjaikauii — neperyisiHyTH HasiBHi
cnoco0u  BHpillleHHs1  3aBAaHHA 1O  MPOBEJIEHHIO
OUiHIOBAHHSI SIKOCTi 3HAHHA CHOCOOOM TeCTyBaHHsS i
3MO/1eJIIOBATH apXiTeKTypHe pillleHHs, sIKe MOEAHY€E Bci
nepeBary, a TAKOK He 0y/ie MiCTUTH He0J1iKiB OIJISTHYTHX
a”ajoris. OnNTUMaJbHUM  pilleHHAM B MexkKax
00yMOBJ/ICHHX B CTATTi KPUTEPIiB € NPOrpaMHMii NPOAYKT
CTBOPEHMI1 HA OCHOBi KJIIEHT — CepBepHOI apXiTeKTypH B
fIKiii cepBepHUHi KOMIIOHEHT peai3oBaHO y BHUIVISAAL
€IMHOI apXiTeKTYpHOI oOaMHHUII, AJA 3a0e3neyeHHs
MPOCTOTH PO3rOPTAHHS TA 3HH:KEHHS BAPTOCTI MiATPUMKH
cHCTeMH

Kntouosi cnosa: cucmemu mecmyeanHs; 6CmaHo61eHHA
PDi6HA 3HAHL, cMamMucmMu4Ha 6udipKa; Kli€HmM—cepeepHa
apximexmypa.

VY cyuacHuX peanisx Hi omHa cdepa KHUTTS He
00XOmUThCsl 0€3 OLIHKM SIKOCTI pIiBHA 3HaHb Ta
MiATOTOBKY CIEIIATICTIB [0 TUM YH IHIIAM HAIPSIMaM.
YV pe3ynbTaTi MOCTae 3aBAaHHS SKICHOI Ta KOPEKTHOI
OLIHKMA 3HaHb, 3 MOXJHMBICTIO IX MOAAIBIIOTO
BIOCKOHAJICHHS B MEXaxX IMpOLECY HaBYaHHS, SKUil
00YMOBIICHO MPOLIECOM BUSBJICHHS BiJICYTHOCTi 3HAHb B
Mexax NEeBHOTO NPeJICTaBICHOro rpady 3HaHHS, 1O Tiil
YW IHIIIN crieniabHOCTI. JlaHe 3aBIaHHS B CyYacHOMY
CBITI HE MOKe OyTH HE BUPILLIEHUM, IPOTE PO3IIISAAI0YH
ICHyOUl pillIeHHsI Ta HassBHI )HUTTEBI MPUKIAAN MOXKHA
TOBODUTH TIPO  HEJIOCKOHAJICTh, HETOYHICTh Ta
HelIa0JIOHHICTh JaHKUX PIllEHb.

[Ticnst ornsay NOMYJSIPHUX CHCTEM TECTYBaHHS,
Npe/ICTaBJICHUX Ha BeO-nopTaiaX, 30KpeMa, MepexeBol
akanemii Cisco, Canvas, Blackboard Learn, Kahoot!, Ta
Ha OCHOBI JIOCBiZly IPOXO/DKEHHS TECTIB M dYac
HaB4aHHS, 0yJ0 C(OPMOBAHO IEpeJlik OCHOBHUX THIIIB
TecTiB. [y moBHOT peanizamii (yHKIIIOHATBHUX BUMOT
1 KOHKYPEHTO3[aTHOCTI 3 Tepeniky Oyino oOpaHO
HACTYIHI BHAM TECTIiB, SKi IOBHHHI MICTUTHCS Y
CHCTEMI:

1) [IpaBuiibHO/HETIPABUIILHO -
KOPUCTYBa4 IIOBHHEH BH3HAYMTH YW MpPABANBE
TBep/PKEHHsT B muTaHHI. lle HaWmpocTimmil THIl
MUTaHHS.

2) Bubip oJHi€eT BiammoBiai -
KOpHCTYBauy MOTPiOHO BHOpATH OIHY IPaBWIBHY
BiJITIOBiJIb 3 3aIPOIIOHOBAHKX BapIiaHTIB.

3) Bubip  kimpkoxX  BimoBigeH ——
KOpHCTYBau 00Mpae NpaBWIIbHI BapiaHTH 31 CIHCKY.
3aBIaHHs TAKOTO THITY CKJIAIHIII YUM BUOIp OHi€eT
BiJIMTOBiIi, TaK SIK KiJIbKICTh MPaBUIBHUX BiATIOBiIEH

Bosuok €Bren
KIII im. Iropst CikopcrpKoro
Kuis, Ykpaina
vovchok.zhenya@gmail.com

3a3manerinp  HeBimoMa. [IpaBuibHa  BIAMOBIIB
METOJIOM BHIAJKOBOIO MiI00Py MaJIOWMOBIpHA.

4) KopoTka BIimNoBigb — KOpUCTyBay
MOBHHEH BBECTH MPABIIBHY BiJIOBiIh B TCKCTOBE
noJie. JIist mpaBUIIBHOT BiAMOBIAI HEOOXiTHO MOOpe
PO30UPATUCh y TEMATHUII TIOTOYHOTO MUTAHHS.

5) [ocninoBHicTH - KOPHCTYBaY
PO3MIIIy€e eIEMEHTH Y TIPaBIIIBHIH ITOCIiZOBHOCTI.
6) UucnoBa BIANOBIAP — KOPUCTYBad

BBOJAWTH YHCIO Y TOJIe Ui BiamoBimi. Bramatu

MIPaBUJIBHY BiIMOBiIb MaJOWMOBIPHO.

7) BianosigHicTh - KOpHUCTYyBay
MOBHHEH 3’ €IHATH TIAPH CITiB, (pa3, abo 300paKeHb.
JlonaTkoBi «3aiiBi» BapiaHTH BiANIOBITHOCTI MOXKYTb
YCKJIQIHUTH MTUTaHHS.

[Tpu cTBOpEHHI TecTy € HEOOXiHICTh BUCTABIICHHS
npoxigHoro Oamy. Kpim Toro, icHye mnpoGiema
BCTAQHOBJICHHS CKBIBAJICHTHOCTI BarM IpPaBHIBHHX
BINOBIZeH, OCKUIBKA pi3HI THTaHHI MOXYThH
MOCWJIATUCS HA Pi3HI 00’€MHU 3HAHb, MOXYTh MAaTH
HETOYHOCTi, OYTH CKIQJHUMH JUIsI  PO3yMiHHS.
VYHiBepcanmpHUI penent s (HIKCOBAaHOTO 3HAYCHHS
MPOXigHOTO Oaly BiACYTHIN, TOMY HEOOXiTHO 3pOoOUTH
Horo BigHOCHMM. Sk pilleHHS Juis 3a0e3nedeHHs
00’€KTHBHOCTI ~ TeCTyBaHHs  0OpaHO  JHMHAMiYHE
BU3HAYCHHS Bard MPaBWIBHUX BIANOBIJAEH BIJHOCHO
3arajbHOi CTATHCTHKM BIAINOBiJEH KOPHCTYBadiB Ha
MUTaHHS TECTY Y MEXKaX CHCTEMH.

Jst Toro, mo0O OXOMWTH SKHAWOIIBITY 00JIACTh
3HaHb, ajie IPU [bOMY HE BHCHAXYBaTH KOPHUCTyBaua,
MOHIDKYIOYHM HOTO TNPOAYKTHBHICTH OyJIO BHpILIEHO
HaJaTH MOKJIMBICTh BCTAHOBJIEHHS IOBIILHOT KIJIBKOCTI
3aIUTaHb aJMIHIHCTPaTOPOM CHCTEMH Ta BCTAHOBJIEHO
pekomeHznoBaHuil 00car 25-30 nuranb. [Ipu npomy
3araJpHUA OaHK MHTaHb TOBUHEH OYTH HE MEHIIE HIX y
3-4 pasu OinblIMM, HDK KUIBKICTh NUTaHb Y
3T€HePOBAHOMY aJAMIHICTPATOPOM TeCTi 3 METOI0
3a0e3neueHHs  YHIKQIBHOCTI  TECTiB y  PI3HHX
KOPHCTYBaYiB 1 BHKJIFOYCHHS MOJKJIMBOCTI IIariaTy Ta
PO3MOBCIOKEHHS HA0OPY TOTOBHX IMHUTAaHB-BiAMOBIIEH
Ha TecT. TakoX 111 BUKIIOYEHHS MOXIIMBOCTI
KOPHUCTYBaHHS JIOZIaTKOBUMH Marepianamu
KOpHCTyBaueM He0OXimHO, 00 TecT mependavan
OoOMEXeHHsI 1O  4acy, SIKe  BCTaHOBJIIOETHCS
aJIMiHICTPATOPOM.

Ha cporognimHiii neHp icHye 0e3mi4 cuCTeM
oHyaifH-TecTyBaHHA. CKOPUCTaBLIMCH IOIIYKOBOIO
cuctemoro Google, Ta TeperasaHyBIIM 3HaleHI BeO-
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pecypcu i peHTHHTH, MOKHA 3HAUTH PANl CXOXKHUX 3a
(hyHKIIIOHAJIOM Ta MPU3HAYCHHSM CHCTEM.

BinmoBimHO m0 TpH3HAYEHHS TECTH TOMIISAIOTHCS
Ha:

1) HaBuanbni — Ti, IO JOIOMAararmTh
3aKpiNUTH BUBYEHUH MaTepiai. 3a3Bu4ail Taki TeCTH
MOXXHA 3HAITH MiCJIsl KOXKHOI IJIaBU y Kypci B IKOCTI
HEBEJMKOI TNpaKkTUKU. BincyTHi oOMexeHHS TI0
yacy, mrpadu 3a HempaBwibHI BigmoBimi. Ha
BUpIIICHHS 33734 HAJa€ThCs Kimbka crpod. Ilicms
KOXKHOI TTOMMJIKH BiZOOpa)karoThCs MOsICHEHHS. Sk
NPUKIAA, TECTH IO CTAaloTh JOCTYIHI Ticis
3aBEpILCHHS BUBUCHHS IJIAB y CHCTEMI MEpeXeBol
akanemii Cisco.

2) ArtrecTamiiigi — JIOTIOMAraroTh
OLIHUTH 3HAaHHSI KOPHCTyBaua. B Takmx Tecrax
NPUCYTHI OOMEXEHHs 10 4Yacy, [Ia€ThCi OJHA
crnpoba Ha  BIANOBIAb, BIJCYTHI IOSICHEHHS
NOMWIOK. Ik npuknan, Exam.net.

3a cremiamsaiicio, TeCTOBI CUCTEMHU IOMUISIOTHCS
Ha:

1) CrieriasieHi — Ti, 10 IpHU3HAYCH] IS
3aCTOCYBaHHs JIMIIE Y IEBHUX cdepax. Sk mpukia,
HHUHI TOMYJSPHI CUCTEMH TECTYBAaHHS IEPCOHATY
SHL, TalentQ, Kenexa, abo cuctema TecTyBaHHSI
inTerpoBana y matgopmy Udemy, mpu3HadeHa s
OIIHKKA 3aCBOEHHMX HABUYOK IIICJIS MPOXOHKCHHS
Kypcy.

2) 3arajgpHi — Ti, 10 MalTh LIMPOKE
npu3HadeHHs. Pi3HOMaHITHI KOHCTPYKTOPH TECTiB
Ta Oisbl 3aranbHi cucteMu sk Google Forms.

BinbinicTh HAsBHUX CHCTEM HE 00 €IHYIOTh
TECTYBaHHA Ta HaBYaHHA IUIIXOM BCTAQHOBJICHHS
HE3HaHHS Ta HOTO JIKBiJAIi0 3a OMOMOTOI0 OIHUCY i1
BKa3aHHs NPaBUIBHUX BiANOBiNEH IUITXOM IOSCHEHb.
KpiMm TOro Hi omHa 3 HHX HE BHpimIye mpodiIeMy
€KBIBaJICHTHOCTI Bard MPaBIIIbHUX BinmoBingeil. Takox
MPUCYTHS MPpoOIIieMa Pi3HOMaHITHOCTI (hOPMHU TECTOBUX
3aBmanb i cydacHocti UX [1] wacturm cucrem. Sk
npuknag Moodle, mepexeBa akanemis Cisco MaroTh
3acTapiyivii IM3aiiH Ta By3bKHI Mepeltik popM TECTOBUX
MUTaHb.

1) Y pe3ynbpTari OMIALY TNPHHHATO
HACTYITHI BUMOTH JI0 IPOEKTOBAHOTO PillIEHHS:
2) MOXJIHMBICTh JO/IaBaHHS ITOSICHEHb Ta

[IOCWJIAaHb [0 BIAMOBIAHUX NUTAHHSAM TEM Ta IX
OB’ I3yBaHHA.

3) Bupinrenus npobyiemMu
CKBIBaJICHTHOCTI Baru NpPaBHJIbHHUX BIAMOBimEH
NUIIXOM BIOPOBADKCHHS IMHAMIYHOTO ITOKA3HUKA
BITHOCHOI'O 3arajibHiii CTAaTHCTHUII BIANOBIAEH Ha
MUTAHHS TECTY.

4) BnpoamkeHHs pi3sHOMaHITHUX GOPM
TECTOBHX MUTAHb 3 MOXJIMBICTIO KOH(Dirypartii.

5) Po3pobka cydacHOro Iu3aiHy.

6) [upoka creriamizamis CHCTCMH,

NUIIXOM HAJNANITyBaHb (hOpMaTy TECTIB.

BinmosinHo 10 cOpMOBAaHUX BUMOT PO HASIBHICTH
OaraTtbox KOpHUCTYBayiB Ta HEOoOXIiTHICTh
LCHTpaNi30BaHOTO  30epexeHHs  iHQopmamii  mpo
pE3yJIbTATH TECTIB, iX OMIHIOBAHHSI, ISl TAHOTO KJIacy

MiJCUCTEM  JOLITbHE  BHKOPUCTAHHS  HACTYITHUX
apxXiTeKTyp MiKKOMIIOHEHTHOI B3aemomii: SOA, client-
server [2].

KJII€HT-CEPBEPHUI ITIXI]

Jlanuii mabJIOH CKJIafgaeTbcs 3 JIBOX YACTHH:
cepBepa 1 Oesmiui kimieHTiB, puc 1. CepBepHui
KOMITOHEHT HAJIa€ CEpBiC KIIIEHTCHKMM KOMIIOHEHTaM.
KitieHTH 3amuTyroTh cepBiC y cepBepa, a BiH, Y CBOIO
4epry, Hagae ix KiienTam [3].

[]

Intermel

Clients

C} i ' Server

Puc. 1. Cxema KOMI'IOTEPHOT Mepexi KIII€HTIB, IO CIIIKYIOTHCS
3 cepBepoM uepe3 Mepexy IHrepHer

3a3BUuaii BHKOPUCTOBYETHCS IS peai3allil OHIaiH
OJATKIB (ETMEKTPOHHA TOMITa, CHUIBHUH JOCTYHI IO
JIOKYMEHTIB, 0aHKIBCHKi MTOCTYTH, TOIIIO).
[lepeBaru:
1) ITigxoauTh ISt MOJIETFOBAHHS
HA0OPY CEPBICIB, SKI MOXKYTh 3alIUTYBATU KITIEHTH.
Henoniku miaxomy:

1) 3anuTH 3a3BHYail BUKOHYIOTHCA B
OKpeMHX MOTOKaX Ha CEpBepI.
2) B3aemoist M poliecaMu MiJIBUIY €

PECYPCOBUTPATHICTH, TOMY IO Pi3Hi KITI€EHTH MAlOTh
pi3HE MpenCTaBICHHSL.

ITiaxig SOA

CepeicHo-opieHTOBaHa apxitektypa (SOA) — criocid
1Mo0y/I0BH MI>KKOMIIOHEHTHOT B3a€MOJii MPOrpaMHOTO
3a0e3MeueHHs], 3a SIKOTO IOCIYTH HaJaroThCS 1HIINM
KOMIIOHEHTaM  KOMIIOHEHTaMH  JIOJaTKiB,  4epe3
npotokon 3Bs3ky 1o Mepexi [3]. Cepic SOA - me
JIUCKPETHA OJUHUIL QYHKI[IOHATBHOCTI, JI0 SIKOT MOKHA
OTpUMaTH  JOCTYN  JTHUCTaHINITHO, IiATH  Ta
OHOBIIIOBATHCH HE3AJEKHO, HANPHUKIALA, OTPUMAHHA
BHITHCKH 3 KPEAUTHOI KapTKH B [HTEpHETI.

B mexax SOA apxiTeKTypH BUAUIAIOTH HACTYIHI
€JIEMEHTH, SIK1 BiJOOpakeHi Ha puc. 2.

P
bedww

L) O LR Voa\wa |

Puc. 2. EﬁeM;:HTI/I SOA
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Cepeic BigmoBigHo 10 BusHaueHHa SOA, wMae
HACTYITHI BJIaCTHBOCTI:

1) [IpencraBneHAS TOBEAIHKOBO] JIOTIiKH

13 3aJaHUM Pe3yJIETaTOM.

2) OOMexeHa  BIOMOBINAIBHICTE B

MeXax OIHOTO Oi3Hec-3aBIaHHd.

3) Ie yopHa CKpHHbBKA IJIS CTIOKHUBAYIB,

TOOTO CITO’KUBAY HE MOBUHEH 3HATH IIPO BHYTPIIIHIO

podoty ciayx0u.

4) MosnuBicTh  00’€IHAHHS —HAOOpY

IHIIMX CepPBICIB.

Pi3Hi cepBicH MOXYTb OyTH BUKOPHCTaHI CIIIJIBHO,
JUist 3a0e3medeHHs (YyHKIIIOHATBHOCTI CKIIaHOT JIOTIKU
MOBEIHKY 110 KOMIUIEKCHIN 00po01Ii KOPUCTYBAIIBKOTO
3aMuTy, 100 MOTpeOy€e IOEAHAHHS OKPEMO B3SITOI
JIOTIYHOI HMOBEMIHKH B MEKaxX €IMHOI BiAITOBITaIBEHOCTI
KOKHOTO CepBicy uisi Bujiadi pe3yprary. [Ipote naHuii
MiAX1 Ma€e psiT HeJOMIKiB:

1) HeomHopinHicTh 1 CKJIAIHICTH
pilIeHHS.

2) Bennuesnuii Habip TECTOBHX
KOMOIHaIiii 3aBAsSKM iHTerpamii aBTOHOMHHUX
CEpBiCiB.

3) BkiroueHHsT TOCIyr BiJ  pi3HHX
KOHKYPYIOUHX [TOCTaYaIbHHKIB.

4) IInardopma mOCTIIHO 3MiHIOETHCS

yepes HasIBHICTh HOBUX (DYHKIIIH 1 TIOCITYT.

TEXHIYHE PILIEHHS

Ilin wac po3poOKM TEXHIYHOTO pIMICHHS Ui
CEepPBEPHOI YaCTHHU OYJIO PO3MIISIHYTO HAMIIOMy IApHIiLTi
TEXHOJIOTIT 171 moOynoBH Bed 3acTocyHKiB a came CGI
(C++), ASP.NET CORE (C#) ta Spring (Java) [1].

Zoorm maih beshmaiiing V)
[Lorgm st - LIS pagen, 303 medban wnds|
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Morsis aasiise cpasi
Puc. 3. TlopiBHSAHHS MIBUAKOAIT peani3alliii cepBepHUX PilllcHb
CGI ta ASP.NET CORE

T tnawi

B mepumry wepry Oyno pO3MISHYTO MHOPiBHSUIBHY
xapakrepuctuky CGI ta ASP.NET CORE, a came
MIBHUJIKICTH ITONITYKY Ta BUAAYl JaHUX HA IIOPiBHIOBAHUX
wiatgopmax.  Buxomsum 3 gmaHmx  rpadiky
IpescTaBIeHoro Ha puc. 3, pimeHHs Ha 6a3i CGI mae
Oinpury mBuakofito. Ilpore, Ha BITHOCHO HEBEJIMKHUX
00’eMax JaHMX pO3PHB y HIBHIKOMAIl CKOPOUYETHCS.
Kpim mporo po3podka Ha 6a3zi mMoBu C++ € 3HA4YHO
BUTPATHIMIOIO Ta 3aiiMae OinbIne yacy, depe3 TeXHiuHi
0COOJIMBOCTI MOBH Ta HasBHICTh Oe€3MOCepeIHbLOTO
VOpPaBITiHHSA ONEPAaTHBHOIO MaM ATTI0O B  MeXax
CTBOPIOBAHOTO TIportiecy [7].

B Mexax HOmasbIIoOro Oriasny OyJio IPOBEAEHO
MOpPIBHSHHA psAy KoHdirypamiii cucrem ASP.NET
CORE ra cuctemu Ha 6a3i Spring [8], pe3ybraTy SKoro

NPE/CTaBIICHO Ha pHuC. 4.

Puc. 4. TlopiBHAHHS MBUIKOAIT Pi3HUX KOH}Iryparii cucteM Ha
6a3i ASP.NET CORE Ta cucremu Ha 6a3i Spring

Buxonsuu 3 pe3ysibTaTiB TECTIB Ta OPiBHIHb, OyIIH
3po0JIeHI BHUCHOBKH, IO JJIsi PO3POOKH 00’ €MHOTO
MPOCKTY Haiikpamie migxoauth TexHomoriss ASP.NET
CORE. [IIporsrom BupilleHHS 3aBJaHHS IO
30epeKeHHIO Ta B3a€MOIl 3 JaHUMH, 0 MOPIBHSHHS
Oyno B3aro Bimomi CYBJI, a came: PostgreSQL, MS
SQL i IBM db2.

re Sturp
»
. l I I o=
\ P

Puc.5. opiBasHus mwBHAKOAil pearizaiiit SQL cepBepHux
3aIuTIB

Ha ocHOBI maHuX, mpeAcTaBICHUX HA pHUC. S, Oyi0
BusBJICeHO mepeBary MS SQL y mBuakocti peamizamiii
CEpBEPHMX 3alUTIB MOPIBHIHO 3 PEIITOI0 PO3TIITHYTHX
CYB/[l. Buxomsuun 3 o0OpaHHX TEXHOJOTIH, MOCTAlo
MUTAHHSA TPHAHATTS PIOICHHA IO BHOOPY crocoly
B3a€MO/IiT MiXk cepBepoM 1 6a30t0 mauux. ONTUMaIEHUM
BHOOPOM TSI TIPUAHATOTO CTEKy TexHousoriid € Entity
Framework [5] Ha 0cHOBi HACTYTHHX KPUTEPIiB!

1) HasiBHICTD ~ MATPUMKH  CIIOCOOIB
renepartii 6a3u qanux CodeFirst, DataBaseFirst.
2) HasiBHICTh MOXJIMBOCTI HalMCaHHS

3anuTiB 3acobamu MoBH LINQ Ta iXx monmanbime
BHUKOHAHHS BcepenuHi 6a3m manux SQL.

3) Mictute reHepamito 0a3uW JaHUX 3

BiJIIOBITHO 331aHOT 00’ €EKTHO-OPi€HTOBAHOT MOJIETI.

4) HasBHICTE MeXaHI3My KeNIyBaHHS
JIaHUX.

IMix 9ac poO3pOOKM TEXHIYHOTO PpIlIEHHS IS

KITI€EHTCHKOT YaCTUHU Oymo PO3MIISIHYTO

HalmomysipHimi (GpeMBOPKH OZHOCTOPIHKOBUX BeO-
Jlof1aTkiB, a came Vue.js, Angular ta React.

Po3rnsHyBIIM pe3ysbTaTH MOPIBHAHHS MIBUIKOII,
MpeACTaBicHI Ha puc. 6, OyJI0 BH3HAYCHO, IO BCi
nepesniueHi (peitMBOpKH MaroTh CXOXKY
MPOAYKTUBHICTh IiJ] YaCc BHKOHAHHSA IPOTPAMH.
Buninserpes nuine MBUIKICT MEPIIOTO 3aBaHTAKCHHS
cTopiHku 3 BukopuctanusM Angular. e mosicHIOeTbCS
THUM, IO JaHWH (peiiMBOpK BKJIIOYae B €001 psA
0i0mioTeK, TPU3HAYEHUX JUIsI OpraHizamii Komy,
B3a€EMOMII 3  30BHINIHIMH  JDKEpelaMHW  JaHHX,
MapmipyTH3amiii BCEepeauHi JOAaTKy, OpraHizamii
MOTOKIB ~ JaHWMX. Y  BHUMNAagKy po3poOku  BeO-
OpIEHTOBAHOTO AOAATKY 31 CKIaJHUM iHTEp(EHCOM IIe €
3HAYHOIO TIEPEeBAror0, OCKUIbKH pemTa (ppedMBOpPKiB
notpedye BIIACHOT iMIIeMeHTarii JaHOTO
(hyHKIIIOHATY, IO Y MOAANBIIOMY 3HAYHO BIUIMBAE Ha
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MBUAKOII0 TPOAYKTY Ta YCKIAIHIOE PO3pOOKY
CHCTEMH.

Buxonsun 3 mporo s po3poOKH  KITIE€HTCHKOI
gacTuHu Oyii0 obpano ¢ppeiimBopk Angular.
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Puc. 6. [Topieusuus mBuakoaii ¢ppeiimBopkis Angular, React ta
Vuejs

BJIACHA PEANIIBALILA

[Tin wac nmporpamMHoi 0OpoOKH B MeXaxX MeXaHi3My
OLIHIOBaHHS  TecTy poboTa sIKOro  OOMeKeHa
crenndikoro podotn Web APl ta cnenudikariero
HTTP mpoTokosy BHHHUKAIOTh HACTYIHI TEXHIYHI

npoOiaeMu:
1) IepepaxyHox Baru KOXXHOTO
MTUTAHHS.
2) OHOBIIEHHS CHIJIBHUX aHUX

KOHKYPEHTHHMH TTOTOKaMH.

byB po3poOneHuii MexaHi3M Mepepo3noAlly Baru
BIJMOBIZICH HAa WHWTAaHHS, HA OCHOBI MOOYIOBH
BIJTHOIIICHHS OILIHKA KOXHOT'O OKPEMOTrO MUTAHHS B
TecTi, 10 BPaxOBYe KUIbKICTh NpaBUIBHUX Ta
HENpaBUILHUX BiJIOBiEHl HA HHOIO KOPUCTYyBaYaMHu.
BianoBinHO, M0 3aBEpLICHHIO MPOXO/PKEHHS OKPEMO
B3ATOTO TECTYy KOXHHUM 3 KOPHCTYBauiB, CEpBEepHa
YacTHHA 3aCTOCYBaHHS B (JOHOBOMY MOTOIIl BHKOHYE
Mepepo3NoJIl T0JaTKOBOIO BaroBOro Oally KOXHOTO
NUTaHHSA, 0a3ylo4HWCh Ha OHOBJIGHHI CTaTUCTUYHOI
BUOIpKH, a caMe 3MiHi 3Ha4eHb KiJIBKOCTI IPaBHIbHUX
Ta HE TPaBWIBHHUX BiJANOBiICH Ha OKpeMO B3ATE
MUTaHHS PEHITOI0 KOPUCTYBAiB, IO MPOUIIIN JTaHHHA
Tect. [l BCTAaHOBIGHHS Baru OKPEMO B3STOTO
MUTaHHs, B BiJMOBITHOCTI 0 OMUCAHOTO aJlTOPUTMY,
MaeMo HacTynHy Gopmyy:

we 180Qm |
2.Qn

Jle W — IIe Bara 3a nutaHas, Qm — 1 KiJIbKICTh He
BIpHUX BIiAMOBimeH I OXHOTO 3amuTaHHsg, Q — 1Ie
KUTbKICTh MUTaHb B TeCTi. [Ipn BCTaHOBIIEHH 3HAYCHHS
BarW 3alUTaHHS IOTEPETHBOI0 (OPMYJIOI0 € PHU3HK
TOTO, 10 Bara MATAHHI MOXKE IPSIMYBATH J0 HyJIsI, IO
€ KpUTMYHUM B Hamii cucremi. st pillieHHS 1BOTO
3aBIaHHs 0yJ10 3p00JICHO 0OMEKEHHS, SIKE KOPETYEThCS

HACTYITHOIO ()OPMYJIOIO:

e W

min

KUTBKICTh MUTaHb B OJHOMY TECTI.

— IIe MiHIMaJIbHA Bara 3a MATaHHsA, Q — 1e

[Tix wac MopnemoBaHHSA CHCTEMH OyJIO BHSBICHO
HACTYIHY  TEXHIYHy  mpobieMmy,  0oOyMOBJICHY
MOJKJIMBICTIO TTOSIBM KOHKYPYIOUUX TIOTOKIB, IO B CBOIO
gepry OyIOyTh OHOBIIOBATH CHIIBHI HaOOpW AaHWUX B
OIMH 1 TOW caMWUil MOMEHT. 3 METOI0 BHUPIIICHHS
TEXHIYHOI mpoOnemMu Oya0 po3pOOJIEHO HACTYIHUH
MEXaHi3M, [0 Ha OCHOBI IUIAHYBaJbHUKY 3a/ad
peanizye LEHTpali3oBaHE YMPaBIiHHSA ONEpaLisMH
3MIHM 3HA4YeHb 3 TOYKOK CHHXPOHi3amii, II0
CTBOPIOETHCS B MEXaX JOJATKOBOTO JDKEpeNa IaHUX,
Ha OCHOBI 3aIIMCiB IIOTOYHUX Ta 3aIUIaHOBaHHX 3a1a4. B
SAKOCTI IUIaHyBaJbHUKA 3amad OyJI0 BHKOPHCTAHO
Hangfire [8], sk oqHe 3 HAWMOMYJSIPHILIMX PillICHb B
MeXaxX TEXHOJOTii IO BUKOPUCTOBYETHCH. Takuii
miaxig 3abesmedye pImICHHA TEXHIYHOI MpobieMu
KOHKYPEHTHX TIOTOKIB B MeXaX BCi€i cHCTeMH, IO B
CBOIO YEpry HaJa€ MOXKJIMBICTh 3MiHH Ta 30€pPEeIKCHHS
CTaTUCTUYHHX JAHUX KOHCHCTEHTHO.

BuUCHOBKU

B Mexax HasBHOrO OIJBSILYy BHAUICHO KJac
MiJICUCTEM HAMpPAaBJICHUX HA BCTAHOBJCHHS OI[IHKH
SIKOCT1 piBHS 3HAHB Ta ITiITOTOBKH CHEIaJICTiB IO TUM
Yl IHIOMM HanpsiMaM. Bu3HaueHo IX mepeBard Ta
HEJIOJIIKH, HAa OCHOBI SIKMX BCTAHOBJICHO (DYHKIIIOHAJIBHI
BUMOI'M 10  JaHOi  CHCTeMH. Buxomsuum 3
(YHKIIOHATBHUX BUMOT 0YJI0 00paHo, SIK apXiTEeKTypHE
pillieHHs1 KJIi€HT-cepBepHHUH noxatok. Jlns peamizamii
apXiTEKTYPHOTO DillleHHS Ta (YHKIIOHAJbHUX BUMOT
OyJ0 MPOBEACHO OIS TEXHIYHUX 3aco0iB, IO
3aCTOCOBYIOTh Ui CTBOPEHHSI AaHOTO KJIACy CHCTEM 1
chOpMOBaHO TEXHIYHE PpIMICHHS, SKE BKJIIOYAE
moOy/I0BY OJHOCTOPIHKOBOI'O JIOJaTKy Ha OCHOBI
¢petimBopky Angular Ha OoIi KIIE€HTCHKOI CTOPOHH
cucTeMH Ta noAatky Ha ocHoBi mardopmu .NET Core
ta CYBJ] MS SQL Server 3 6oky cepBepHoi yacTuHU. Y
JaHii CcHCTEeMi peasi30BaHO JIOTIKYy JHMHAMIYHOTO
BU3HAYCHHS Baru INPaBMJIBHUX BIANOBiZeH, sKka
3abe3neduye 00 €KTUBHICTH pe3yJIbTaTiB TECTIB.
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Abstract. The report proposes the information
technology for computer-aided design and implementation
of botsbased on alogical approach. The general approach
to creating bots with the use of a complex of logical and
linguistic models has been described. The general scheme
of work of the web-based system with the use of a chatbot
has been developed. The model of logic of actions, and the
inference method have been described, which can be used
for the formal description of the bot creating process. An
example of using a logical model to create a bot has been
described

Keywords. information technology, messangers, bot,
automated bot creating, logic of actions.

INTRODUCTION

Human activity, which can bework, study or leisure,
is regulated by template-algorithmic processes. For
ingtitutions, enterprises, and companies, it means
waiting in queues, writing applications, moving from
oneofficeto another. Inthe sphere of rest, itisthe search
for a company of people who are ready to spend their
free timein acertain way. In educationa institutions, it
is, on the one hand, notifying students and their parents
about changes, events happening or will happen in the
ingtitution, and on the other hand, providing answers to
questions from students and their parents about such
changes, events, issuing various certificates. Such
processes regulate the work, but introduce delays.

Thereisaneed for technologiesfor managing virtual
human interaction in solving a wide range of problems.
The tools of interaction are electronic document
management systems, emails, services of educationa
ingtitutions for student (pupil) and teacher interaction,
specialized services for finding people by interests,
location, etc., various messengers, social networks.

However, the use of such tools of the information
society has disadvantages that have negative
consequences for system owners and their users. The
system often paysarelatively small but fixed rent during
the period of use of the system within the license
agreement with the developer, or one-time but
significant costs for developing such a system. In this
case, regardless of the method of acquisition, the system
owner is not deprived of the costs for maintaining this
system in working order by adding the necessary
content, scaling in case of increasing the number of
users, etc.

Kyiv, Ukraine

Technology Kyiv, Ukraine

Cracow, Poland

In the case of the user, the disadvantages are related
to the use of the system. Because modern users have
access to online management systems for aimost every
component of their lives, and each of these systems has
itsinterface that does not always correspond to the usual
UX user, aswell asits authorization method, login, and
password (when using a single password on al systems
the user violates the rules of safe use of web systems),
there is a need for regular decentralized review of
information on each area of life within the system or a
set of systems, remembering a large number of
passwords and features of each system. At least, this
leads to extra time, and in general, we can talk about a
set of disadvantages with negative consequences for the
USer.

In genera, the use of decentralized management
systems for each individual component of the social
component of the user is time-consuming for them, and
resource-intensive for the system owner. Therefore,
there is a problem which the centralized management of
all components of user activity in socia networks.

The development of modern technologies, the
experience of using solutions based on them have shown
that the problem described above can be partially solved
by means of rapid automated creation and use of wide-
class chatbots. It would be good to supplement such
solution with a system which integrates the user’s work
with al messengers, socia networks and information
systems of the information society in terms of content,
graphics, and owner’s features, but it should be the
subject of another article by the authors.

PROBLEM STATEMENT FOR DEVELOPING THE BOT
CREATING TECHNOLOGY

It is necessary to develop a general approach,
mathematical models and methods as the basis of
information technology to create wide-class chatbots.
Essentialy, it means solving traditional problems of
coordination in such schemes ‘employee-to-employee’,
‘customer-to-dispatcher’,  ‘student-to-dean’s  office
specialist’, ‘student-to-teacher’ with the help of a new
solution aimed at creating special programs — bots,
which by using the capacities of socia network
messengers automate human functions related to
informing, ordering and fulfilling orders, implementing
multi-step processes, separate stages of which depend
on various circumstances, events and participants’
features. The general approach, such models and
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methods should be aimed at the rapid creation of
programs that implement the sdection and
implementation of the interaction (service) schemefrom
many possible options for their layout with subschemas
depending on the type and the user’s individual features,
while being deprived of agorithmic approaches
associated with the need to reprogram the bot when
user’s new features appear, implemented subschemas
change, or new subschemas occur. This technology
must meet a high level of requirements, especialy its
following features: flexibility, scalability, accessibility
to the end-user without special knowledge and skills,
reliability, convenience and ease of use, distribution, use
of remote resources, load adaptation, fast and simple
integration with information systems.

ANALY SIS OF PUBLICATIONS

Instant messaging systems are widely used by
individual users and human communities around the
world. In fact, today they have evolved from a means of
communication between people into a means of
obtaining information, and into an incredibly powerful
marketing tool. The key part, when using them, is the
ability to communicate with bots. Therefore, this report
discusses the basic principles of creating bots based on
logical and linguistic models within an approach that
captures, accumulates, generalizes, and uses the user’s
positive experience to ensure maximum efficiency of
their social network activity. It is important to review
developments in this area, andyze scientific
publications to select necessary tools for bot
development, the basis to integrate into a single system,
and examples to demonstrate the efficiency of the
proposed solution.

In the last few years, the popularity of instant
messaging systems (messengers) has been increasing.
Bots have played a significant role in evolving a means
of communication. The de facto standard definition of a
chatbot has become that it is a computer program
responsible for user interaction based on auditory or
textual methods. There are many attempts to classify
bots, from which it is advisable to choose the
classification of chatbots by: the type of messages
(commands) — text and voice; the level of interactivity —
bots with the response to the call of the specified
command and the message analysis, and the team
(teams) selection; the type of interaction with the chat
server — Long polling and Listeners.

Most available messengers provide the ability to
select the interface of the communication level of the
chatbot and the messenger server. The next choice is
offered at the level of interaction type, where there are
two modes of interaction — Long polling, which
regulates the messenger server polling via APl once in
an interval of N milliseconds, where the specification of
the number of milliseconds is regulated by a specific
API, event subscription mode, while the mentioned API
Endpoint will be called if there is a change. With regard
to the advantages and disadvantages of regimesin view
of the problem of the study, the following well-
grounded conclusions can be drawn. The bot

performance using the first mode creates an additional
load in the messenger server, but does not require an
SSL certificate for an external address, and is used
mainly in mobile and desktop applications. The bot
performance using the second mode is designed for
interaction of the ‘server to server’ type, and reduces the
load on the messenger server. Therefore, when
implementing the solution in accordance with the
principles of web-based architecture, it seems more
appropriate to use the second mode.

Thisuseful tool isinteresting for business. Bots have
been actively used abroad for severa years, and are
gaining popularity in Ukraine. Thus, a promising niche
for IT developers has been created. An important aspect
for potential customers is the bot command perception,
good understanding of the user’s query, and the
relevance of its answers.

The report proposes a holistic approach to creating
bots for the messenger, describes the architecture of
information technology for creating bots based on the
models of mathematical logic, artificial intelligence, and
linguistics to implement bot functions and its
communication with users.

GENERAL DESCRIPTION OF THE AUTOMATED BOT
CREATING APPROACH

The proposed solution does not cover the whole set
of tasks related to the centraized management of al
components of user activity in social networks by
creating web-based technologies. However, it can
simplify user interaction with the system, gain
experience, and create conditions for more efficient
solutions.

The implementation of such a solution is to create
user interaction through a chat, within a specific
messenger, based on a targeted query processing
platform that implements a complete agorithm of
actionsin al cases provided by a particular chat. Fig. 1
showsthe general performance of the server architecture
of the bot performance level.

Fig. 1. A fragment of the server architecture of the bot
performance level

Let’s analyze the fragment components. The
Message provider component performs the functions of
wrapping the message source (messenger). Handlers
process messages from the Message provider, delegate
tasks to services, update the State storage, and generate
responses to the user. The State storage stores the
parameters of state while processing user queries.
Services implement additional logic for processing user
queries.

A chatbot can be used, for example, for registration,
ordering ataxi, planning the performance of such order,
and monitoring the implementation of the plan in the
system of the international provider of this service. A
typical task for chatbots is to order a car. The need to
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integrate the mechanism of receiving user queriesvia a
chatbot is due to the advantages of user interaction with
messengers described above. One of the possible
options for specifying the actions, states, and
requirements for the input data model for the taxi
ordering process takes the form of the following
sequence:

1. Country selection.
2. City selection.

3. Car class selection.
4

Determining the customer’s

. mobile phone
number.

5. Clarification of the pickup time.

6. Clarification of the pickup address (street,
building).

States and transitions are shown in Fig. 2. For each
state, thereisarelevant list of features.

Fig. 2. A fragment of the server architecture of the bot
performance level

In fact, we have a traditional model of states and
transitions for the control theory, which has turned out
to be a convenient form of setting the problem of
creating abot. There are many approaches to implement
this model — from a purely agorithmic approach to
approaches based on combining problem-solving in the
system capacities to solve subproblems.

The above example can be easily implemented based
on an algorithmic approach to the sequence of
commands created in the chatbot. This easy-to-
implement approach is not very convenient for the user
and the system owner, as its shortcomings, i.e. lack of
interactivity and possible changes in the sequence of
actions when implementing the order, lead to significant
losses. Thus, adding Action No. 7 to clarify the terms of
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Approaches that respond to state (situation) changes
by implementing certain actions, and focus on
responding to queries about the possibility of achieving
certain states (situations) that learn how to solve
problems have proven to be more flexible and efficient.
Here, the answer to the query is to generaly create an
action plan that leads to the target state, and which is
then being implemented. To do this, each action of the
plan included in the system must be described in terms
of objects. Achieving the am in such systems is
associated with the derivation of an action plan that
provides the solution to the problem.

However, the implementation of this approach
requires the development of aformal logical model for
the formation of task conditions, and solutions, and
appropriate information technology which is capable to
use the experience and knowledge within messengers,
bots, theinformation system to automatically create bots
based on logical models and inference methods of
appropriate action plans.

ARCHITECTURE OF BOT CREATING TECHNOLOGY

The web-based architecture of information
technology for creating bots based on alogical model is
shown in Fig. 3.

Such scheme supplements and expands the system
functionality, and makes it user-friendly. It will be
demonstrated that it al so providesthe system owner with
the benefits of changing the order processing sequence,
and adding/removing structural elements to the
previously implemented sequence of actions. Let’s
apply the approach proposed in [4] to the use of
templates in creating web-applications for creating
templates in determining the sequence of actions. Let’s
modify the requirementsfor the input data model for the
taxi ordering process:

1. Country selection.
2. City selection.
3. Car class selection.

4. Clarification of the customer’s mobile phone
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Fig 3. The general scheme of aweb-based system performance using a chatbot

payment will not change the data, but the software
module should be rewritten. Therefore, such a
mechanism is ssimple, but not flexible.

number (if absent, then the number available in the
messenger).
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5. Clarification of the pickup time. 6. Exact address
(street, building).

7. Payment method.

8. Payment (in case of non-cash payment).
9. Use one of the previous routes.

10. Getting an answer about the order status.

Thelogic of states and transitionsin accordance with
Fig. 4 has been presented in a graph of a specia kind,
the problem solving based on it is to find ways using
known algorithms.

Fig. 4. Modified state storage

The implementation of such behavior is performed
by available messenger capabilities. However, if you
modify the regquirements, and add the possibility of
renting a car, which will require checking the driver’s
license, user’s state of health, etc., the algorithm cannot
be implemented on the basis of the existing state
mechanism, and implemented in modern messengers.

Templating the logic of states for chatbots to form
the result based in preconditions and postconditions of
each state by constructing a tree of transitions (calls,
methods) that correctly process situations from the
initial to final precondition and postcondition defined by
the user.

Let’sanayze a specific scheme for aclearly defined
situation. It isnecessary to order acar clarifying country,
city, car class or make, asacar rental or as ataxi.

The precondition is as follows. the user is
authorized, has a license to drive a vehicle. The
postcondition is that the user wants to rent a car for one

day.

The system has a set of methods that implement
sending the agreement, checking the driver’s license,
city and country, checking the ability of a user to drive
the vehicle, work with the payment service. The number
of methodsis not limited, each of them is characterized
by the precondition (determining the need of their call),
and the postcondition (determining the results of its
fulfillment).

Thus, the system now operates with a set of states
defined by the peaks of the graph, in which the
transitions are made on the basis of preconditions and
postconditions, and for each individual user’s query, the
precondition (input peak), and the desired result
(postcondition) have been specified. Under this
approach, to implement the technology of automated
creation of the application using the chatbot module, you
need:

1) Templatethelogic of state construction based on
the user’s input data (construct a graph, bind to the
condition peaks).

2) Create an APl Endpoint to receive messages
from the messenger.

3) Specify aset of commands and the API Endpoint
in the messenger configuration at the moment of
creating a bot to receive messenger queries.

4) Using the appropriate template, add a Message
provider for a particular messenger at the level of
business logic.

5) Receive messages by caling the Message
provider from the APl Endpoint.

6) Describe the behaviora logic of the Handler for
each command in the format of the result of its
fulfillment.

7) Define the State storage, and template its filing.

8) Connect a third-party server for text message
recognition (with further development of your own), and
get aset of commands from it.

9) Generate at the level of business logic a class of
interaction with a third-party API (when fulfilling No.
8) by available methods, and supplement the behavior of
Handlers.

10) Supplement calls of Handlers with further cals
of the State storage by a call of the third-party service
from No. 8, if necessary.

FORMAL LOGICAL SYSTEM AND INFERENCE METHOD

The formalism proposed in [3] will be used, on the
basis of which a software system will be created, which
will provide the solution to the problem. To create bots
with useful behavior for practice, we will divide the
stages of the action and implementation plans. This
alows at the planning stage to communicate with the
user to quickly and accurately select the next actions,
and at the stage of plan implementation — control the
conditions of previous actions, the appropriate reaction
of the environment, redistribution of actions between
participants, and other adjustments.

The second fundamental step is the division of the
planning stage into stages of construction of detailed
plans and scheme composition. We make plans at the
first stage. In the second stage, a complex action planis
combined with simple (template) actions accumulated
by the system.

Formalizations in the logic of action planning
defined in terms of states and transitions considering the
allocation of stages of construction of detailed plansand
scheme composition are, on the one hand, objects
(TAgent. TRealObject, TConception, TRelation,
TVaue, TProblem), situations (states) (TSituation),
events (TEvent) and actions (TAction) (as well as
relevant operations and relationships), on the other
hand, plans (as well as relevant operations and
relationships).



TexHoAoril TporpaMyBaHHSI

37

The state (dituation) characterizes the state
(situation) of the controlled object through its
parameters. The implementation is a sequence of states
and transitions that fulfills the conditions of
initialization, the possibility of transitions, truth, and
completion.

Theformalism is designed to respond to queries that
specify theinitial and target situation (state), and involve
the search or construction of a specific action plan, the
implementation of which will ensurethe transition of the
controlled object from the initial situation (state) to the
target one.

The main element of the plan is the sequence of
actions. To the definition of the plan we enter the
constructions of basic actions— the ml empty action, exit
from the plan, conditional transition, cycle. Considering
the role of the composition, the plan is defined as
follows:

1) any actionisaplan;
2)if z1z2 —plans, then x1,x2 — plan;

3)if 01— action, olon-stuations, ~1...xn—
plans, then case 61,(o1,71)....,(on,...zn) — plan;

4)if x1— plan, and o1- situation, then while
(o1,x1)— plan.

To construct detailed plans, we will use the AP-
system, and for the composition of plans — the PC-
system, as proposed in [3]. Let’s analyze the
axiomatization features which are important for creating
bots.

In the AP-system within the framework of a clause
logic, based on the definitions of symbols, terms and
formulas, as proposed in [3], we define:

Type abstracts:
1) formulafor individuals — type abstract,

2) if A — formulafor individuals, « — type abstract,
then {aA} — type abstract,

3) no other type abstracts,

Definitors as constructions t def n, where t —
individual term,  — term for types;

Specifiers. objects, situations, events t spec A,
where t — individual term for objects, situations, events,
or term for types, A — type abstract; actions t:

((p1),(B2)) ,wheret—individual term for action, or term
for types, pland p2-— precondition and postcondition
as situation specifiers; problemst: ((1),(52)) , where t
—individual term for TProblem object, or term for types,
pland p2 —precondition and postcondition as situation
specifiers;

Clauses: expressions A — K, where A — a sequence

of atomic formulas of the language of the AP-system, K
— one atomic formula

The knowledge base of the AP-system consists of:

1) A set of specifiers of the description of theinitial
situation and types,

2) A set of clauses specifying the features of
operations and predicates for individual objects and

types;

3) A set of definitors and clauses defining the type
features,

4) A set of clauses specifying the preconditions and
postconditions of actions;

5) A set of clauses specifying the event component
of preconditions.

In the definition of the AP-system within the
framework of the clause logic of thefirst order, based on
the definitions of symbols, terms and formulas, as
proposed in [3], we define:

Action programs.

1) if t—individua term of the action type, thent —
action program;

2) if yiy2 — action programs, then y1,y2— action
program;

3) if 11 —individual term of the actiontype, ¢1....en
— formulas of the situation type yl...yn— action
programs, then case (I1(sLyd)...(sn,yn))— action
program;

4) if yl — action program, and c1 — formula of the
Situation type, then while (yl,e1) — action program;

5) no other action programs;

Action program specifiers:

1) if y1 — schemeterm, y2 — action program, then
yl,y2 — action program specifier;

2) no other action program specifiers;

Clauses: expressions A—K, where A — a sequence
of atomic formulas of the language of the PC-system, K
— one atomic formula.

The knowledge base of the PC-system consists of:
1) A set of action program specifiers;

2) A set of clauses defining problem-solving
schemes;

3) A set of clauses defining scheme features.
The inference procedure will be shown on the

example of a natural case where queries take the form
((11),(22)) , where 21,42 abstracts of the initial and

target situations. The inference procedure includes the
following steps:

1) Establishing an individual situation or a situation
type in the AP-system (if the query defines individual
terms of the initial and target situations);
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2) Establishing an action program in the PC-system
(if the query defines abstracts of the initial and target
situations);

3) Establishing an action program in the PC-system
(if the query defines types of the initia and target
situations);

4) If necessary, redefying an action program in the
PC-system;

5) If necessary, constructing an action program in
the PC-system;

6) If necessary, establishing the necessary type
transformations.

To reduce the search, programs for popular queries
are saved, and known techniques are used, first of all,
the standardization of statements, the method of
anaogies. To substantiate the accuracy of the obtained
output results, the theorems on effective achievability
can be used, as proved in [3].

CONCLUSION

Based on the analysis of messengers, chatbots,
problems of their creation, use, and development, an
approach to the automated creation of bots based on
logical and linguistic models has been proposed. The
problems of formalization of processes creating bots
have been analyzed. One of the key features of this
solution is the automation of an action chain, the
implementation of which leads to the fulfillment of the
user’s query.

The logical formalism has been described as the
basis of this solution, the formal definition of the aim
achievement and conditions, to which the action plans
providing the aim achievement should correspond, has
been offered. The inference procedure has been
proposed, which alows us to form action plans to solve
problems formulated as pairs of initial and final states.

The implementation of the proposed solution will
allow us to rapidly create bots for a wide range of
problems, formulated in termsof pairsof initial and final
states, based on a combination of functions of the
appropriate classes of objects, also given by pair of
initial and final states, to form the appropriate action
plan. Thus, the bots can be rapidly created to obtain the
necessary information, place orders, provide access to
educational resources, €tc.

Further research should be conducted to create and
study botsin order to solve certain classes of problems,
create technologies for efficient natural communication
of abot with the user, create the information technology
tointegrate the user with all messengers, social networks
and information systems.
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Abstract. Nowadays, there are many great applicationsfor local search and recommendations, for example Foursguare,
Swarm, and Snapchat to some extent. Swarm isa mobile application, which allows usersto sharetheir locationswith friends
and create arecord of their experiencesin their personal logbook. In addition, a spin-off from and companion app to the
older Foursgquare, Swarm lets users to check-in to a particular location and interact with people nearby. Besides, these
check-ins are listed chronologically in order to create the person’s logbook, which in fact represents a digital library.
However, many peopleagreethat any social media platform requiresawell-designed, scalable, and fast API. In thisresearch,
we used RESTful API principles to design a heavily loaded server for the new application. This paper mostly focuses on
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Abstract. This paper addresses the issue of creating and applying mathematical methods for optimizing time and
computing resources when processing multiple data streams circulating in a distributed information management
system. In order to solve this problem, we suggest methods of reducing the space of analyzed states using the data
organization structure “m-tuples based on ordered sets of arbitrary cardinality”. Using this data structure allows us
to minimize the time and computing resour cesinvolved.
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Abstract. The paper demonstrates the result of the study of the effectiveness of frameworks and JavaScript librariesin the
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Abstract. The purpose of the article is to review the available ways to solve the problem, highlight their advantages and
disadvantages and model an ar chitectural solution that combines all the advantages, and will not contain the disadvantages
of thereviewed analogues. Thebest solution for the implementation of thistask isa softwar e product created on the basis of
theclient - the server architecture of the server part, which isimplemented using a micr oservice approach.
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Abstract. The purpose of thearticleisto review the available waysto solve the problem of assessing the quality of knowledge
by testing and to model an architectural solution that combinesall the advantages and will not contain the disadvantages of
the examined analogues. The optimal solution within the criteria specified in the articleisa software product created on the
basis of client - server architecturein which the server component isimplemented as a single architectural unit, to ensure
ease of deployment and reducethe cost of system support.
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Abstract. The report proposes the information technology for computer-aided design and implementation of bots based on
alogical approach. The general approach to creating botswith the use of a complex of logical and linguistic models has been
described. The general scheme of work of the web-based system with the use of a chatbot has been developed. The model of
logic of actions, and the inference method have been described, which can be used for the formal description of the bot
creating process. An example of using a logical model to create a bot has been described.
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