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Abstract. The research is focused on a situation-oriented approach to the processing of heterogeneous
data obtained from microservices that are widespread due to the implementation of the microservice
architecture underlying many information systems. Such information systems are sources of
heterogeneous data provided to the user upon request via the Internet. Data in the form of documents is
provided by services included in the information system. The volume of such data can be large, and its
processing requires specialized technologies available in document-oriented big data storages (SODB).
As part of a situationally oriented database, a microservice is implemented that provides data in JSON
format through its programming interface. There is a problem of loading and processing large amounts
of data in the storage where specialized statistical functions of Map-Reduce are implemented. The
manual method of loading and obtaining results for SODB is laborious because it requires the
implementation of routine operations for loading data, applying functions to the loaded data, creating
functions inside the storage and obtaining results. This task was not considered within the scope of the
project on creating situation-oriented databases, and the possibilities for developing specialized
elements and methods for processing large-scale heterogeneous data in a hierarchical situational model
with the required equipment were not studied. The developed models for processing documents make
processing heterogeneous data less laborious and help to create data-driven applications by means of
situation-oriented databases in the framework of the introduced data processing model as part of a
hierarchical situational model with the involvement of big data processing technologies of specialized
document-oriented storages. The proposed tools are examined by the example of the SODB application
for solving the problems of course design in the educational process using the developed microservice
saturated with heterogeneous data collected while designing a course remotely.
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Pe3zrome. Pabota cocpemorodeHa Ha CHUTYyallMOHHO-OPHEHTHPOBAHHOM IMOAXonIe K 00paboTke
TeTepPOreHHBIX JAHHBIX, MOJYYaeMbIX U3 MUKPOCEPBUCOB MOJYYUBIINX PACTIPOCTPAHEHUE Olaroaapst
peanu3ald MUKPOCEPBUCHOM apXHTEKTYpHl, IOJOXKEHHOH B OCHOBY MHOTHMX WH(OPMAaLMOHHBIX
cucteM. Takue WHPOPMALMOHHBIE CHUCTEMBI SIBIISIOTCS HCTOYHHUKAMH T€TEPOTCHHBIX JaHHBIX,
NPEJIOCTABIISEMBIX TOJH30BATENIO0 IO 3alPOCy uYepe3 CeTh MHTEpHET. /laHHbIe B BHJIC JOKYMEHTOB
NPEJOCTABISIOTCS CEPBUCAMH, BXOISIIIMMHU B COCTaB MHPOpPMaUOHHON cucTeMbl. OOBEMBI TaKuxX
JAHHBIX MOTYT OBITH BEJHMKH, a IJisi 00paOOTKH TpeOYIOTCS CleUUaTu3UPOBAHHBIC TEXHOJIOTHH,
UMEIOMIeCs] B JOKYMEHTO-OPUEHTHPOBAHHBIX XxpaHuiumax Oonpmmx maHHBX (COBJl). B coctase
CUTYaIlHOHHO-OPUEHTHUPOBAHHOW 0a3bl JAaHHBIX PEATHN30BaH MUKPOCEPBHUC, PEIOCTABISIONINN Yepe3
cBOI1 mporpammHubIi nHTEpQelic nanubie B popmare JSON. Bo3nukaet 3agaua 3arpy3ku u 00padOTKU
00NBIMX 00BEMOB JIAHHBIX B XPaHHIIHIIE, TJE PEaTH30BaHbl CICIHAIN3UPOBAHHBIE CTATHCTHUCCKUE
¢byuxmu Map-Reduce. PyuHoit crioco6 3arpy3ku u nosydeHus pesyibratoB mausi COBJI siBiasiercs
TPYAOEMKHM, TaK Kak TpeOyeTcs peau3aiysi pyTHHHBIX ONepallHii 110 3arpy3Ke JaHHbIX, IPUMEHEHHUIO
GYHKIMH K 3arpy’KeHHBIM JaHHBIM, CO3JaHUIO0 (QYHKUUH BHYTPH XpaHWIWIIA M MOTYyYCHHIO
pesyibTaToB. JlaHHas 3ajavya HE paccMaTpUBAaCh B PaMKax MPOCKTAa CO3JaHUS CUTYaI[MOHHO-
OpPUCHTHUPOBAHHBIX 0a3 JaHHBIX, & BOBMOXHOCTH 10 pa3padoTKe CHEIMATH3UPOBAHHBIX JIEMEHTOB U
METOI0B 00pabOTKH TeTepOreHHBIX JaHHBIX OOJBIIOT0 00beMa B HEPAPXUUYECKON CUTYAI[HOHHON
MOJIETIH C TPeOYIOUIMMCS OCHAIlleHHeM He HCCIeNoBaIuCh. PaspaboTaHHBIE MOZENN OOpabOTKH
JIOKYMEHTOB JICNAIOT MpoIlecC 00paOdOTKU reTepOreHHbBIX JaHHBIX MEHEEe TPYJAOECMKUM H MO3BOJSIOT
co3/1aBaTh COOCTBEHHBIC TPHIOKEHHS Ha 0aze CHUTYyallMOHHO-OPHUEHTHPOBAHHBIX 0a3 JaHHBIX,
Onupasch Ha BBEJCHHYIO MOJENb 00paOOTKM NAaHHBIX B COCTaBE MEPAPXUUECKOW CHTYallMOHHOU
MOJICIA € TPUBJICUCHUEM TEXHOJOTHI 00pabOTKU OOJNBNIMX JAaHHBIX CIHCIHATA3UPOBAHHBIX
JIOKYMEHTO-OPUEHTUPOBAHHBIX XpaHwinll. [IpenoxkeHHble cpeacTBa pacCMaTpUBAIOTCS B IPUMEpE
npunoxkenuss COBJ] st pemeHust 3aiad KypcOBOTO TNPOEKTUPOBaHHMS B Yy4eOHOM Ipolecce ¢
3a/ieficTBOBaHNEM pa3pabOTaHHOTO MHKPOCEPBHCA, HACBIIICHHOTO TETEPOTCHHBIMY JIaHHBIMH,
COOpaHHBIMU B MPOIECCE JUCTAHIIMOHHOTO KYPCOBOT'O MPOSKTHPOBAHUSI.

Kniouegwie cnoga: cuTyaliioHHO-OPUEHTUPOBAHHAS 0a3a TaHHBIX, BCTPOCHHAs! JUHAMHUYECKasi MOJIEb,
reTeporeHHble UCTOYHUKH JOKyMeHTOB, JSON, xpaHuuiie T0KyMeHTOB, Mukpocepsuchl, RESTful-
CEPBHCHI.

bnazooapnocmu. Pabora BeimonHeHa npu nopaepxkke PODU (rpant 19-07-00682). Pesymbrath
WCCIIEIOBAHUS, OTPAXKAIOIIUE CTPYKTYpPY pa3pabaThiBAaeMOTO MPOTPaMMHOTO PELICHUs, MOTYYCHBI B
paMkax rocynapctsenHoro 3aganus Ne /IBY3-2020-0007.

s yumuposanun: I'ycapenko A.C. CuryallMOHHO-OPUEHTUPOBAaHHBIC 0a3bl JaHHBIX: 00pabOTKa
TeTEPOreHHBIX JIOKYMEHTOB MHKDOCEPBHCOB B  JOKYMEHTO-OPHEHTHPOBAHHOM  XpaHWIHUIIE.
Mooenuposanue, onmumuzayus u ungopmayuonnvie mexnonoeuu. 2022;10(4). IoctymHo 110:
https://moitvivt.ru/ru/journal/pdf?id=1247 DOI: 10.26102/2310-6018/2022.39.4.003 (ua aHr.).

Introduction

In the current context, there is an increase in the number of information systems that
focus in their development on technologies providing remote access to user functions via the
Internet. This model of software distribution ensures the growth of many web services operating
on the basis of RESTful protocol [1]. Web services for using RESTful include implemented
APIs (APl — Application Programming Interfaces) — the interfaces that provide third-party
access to automated functions and data through a single-entry point. The current stage in the
creation of web systems is to build services based on the architecture of "microservices"” [2],
where a microservice is presented as a module that has its own limited set of automated
functions, its own database separated from other databases in the architecture of the information
system and its microservices.

Microservices are considered here as rich data single entry points through which
persistent responses are requested with interest fragments of its heterogeneous data [3].
Responses to the user can consist of data portions or include large documents that need to be

216


https://moitvivt.ru/ru/journal/pdf?id=1247

MoneaupoBaHue, ONTHMHU3ANMS W HHPOPMAIIMOHHBIE TEXHOJIOTHH / 2022;10(4)
Modeling, optimization and information technology https://moitvivt.ru

processed programmatically using special tools for working with big data [4]. This task cannot
be solved by conventional means; therefore, big data and data warehouse technologies are used
such as Map-Reduce [5] — a technology for mapping and reducing big data and Bulk-loading
[6] — a technology for loading entire data collections into a document repository.

For situationally-oriented databases (SODB) [7], the task of processing documents
received from microservices is relevant, on the one hand, it is required to receive data in model
states, and on the other hand, load them into a third-party storage along with the Map-Reduce
functions created for this data, thus shaping the data representation as "views" containing these
two functions. Another topical aspect of this task is the methods of creating collections in the
storage, loading data in whole (Bulk-loading) or portionwise. At the same time, it is important
that these steps are performed programmatically and not through the existing storage and
microservice user experiences so that it would be possible to embed the tools in a hierarchical
situational model, where you can specify in the states the microservice data with a request using
a single entry point, data format which it is required to obtain data as well as data from the
storage involved in data processing. The storage data includes the specification of the Map-
Reduce functions in the view and the method of loading data received from the microservice.
For the final stage, it is required to receive a response from the storage with the results of
processing documents in the collection created by the Map-Reduce functions, and, in addition
to this, error handling is required when receiving and loading data. In this paper, the possibility
of equipping a hierarchical situational model [8] of SODB with similar tools for processing
heterogeneous data with the introduction of new elements and parameters into the model to
ensure the functionality of processing big data is explored.

The implementation of these features helps to satisfy the needs of processing documents
from microservices in the popular JSON format [9], reduce the complexity of processing such
type of data and cover data from many similar microservices while processing data more
efficiently by using Map-Reduce technology. The proposed implementation is based on a
situation-oriented database platform with a built-in hierarchical situational model, where data
from heterogeneous sources, including microservices, is processed in its states.

Literature review

According to published data on situationally oriented databases, research on
heterogeneous data sources was considered; documents in XML, JSON, Visio, Word formats,
archives and data from web services [10] were processed as heterogeneous data. It was possible
to map data onto relational database tables data [11]. In the design of a situationally oriented
database, the polyglot persistence approach [12, 13] was used. Under its influence, the
architecture of the SODB continues to change. Capabilities for processing heterogeneous data
sources are added based on the development of additional functionality. In addition to covering
sources by diversity, various volumes of documents were processed by means of the stream
processing method [14, 15] and the cached method.

As of today, a large volume of scientific and technical publications has been published,
where issues from the field of big data are analyzed in detail [16, 17] as well as the trends
prevailing in this area and the use of these technologies in the educational process [18, 19, 20].
In this case, this is important because the SODB is currently implementing a research prototype
with data processing in the course design web system from the Department of Automated
Control Systems of Ufa State Aviation Technical University.

After analyzing publications on "big data" technologies [18, 19, 20], it can be stated
with certainty that now, in relation to SODB, there are no means and methods of data processing
using Map-Reduce functions [21, 22, 23], although these functions appear in publications,
which is not surprising since big data technologies have been actively developing recently. In
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SODB, there were tasks that required solving the problem of processing large documents [15],
but this is only the first part of data processing, and here we are talking about processing using
Map-Reduce functions for JSON documents received from the SODB microservice with
subsequent loading into the NoSQL data warehouse and not for XML documents in the stream.
Previously, this problem has not been solved in relation to SODB, which underscores the
research interest and relevance of using "big data” technologies in processing heterogeneous
data from DBMS sources using the example of any storage with implemented "big data”
functions such as CouchDB [24, 25, 26].

Processing heterogeneous documents from SODB microservices in a document-oriented
data warehouse

Turning to the modern architecture of situationally oriented databases, it is important to
present and consider it with due regard for the tasks of processing heterogeneous documents
obtained from SODB microservices in a document-oriented storage. The proposed instance of
the architecture is shown in Figure 1 where the data of the SODB microservice remained as a
source of heterogeneous data, and other sources are not required in the form in which they were
considered in the paper on processing office documents [29].
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Figure 1 — Architecture for processing heterogeneous documents from SODB microservices in a
document-oriented data warehouse
Pucynok 1 — ApxutekTypa 00paboTKu reTepOoreHHbIX T0OKyMEHTOB 13 MukpocepsrcoB COB/] B
JOKYMEHTO-OPUCHTUPOBAHHOM XPaHWUJIUINE JaHHBIX

SODB

Here, its own developed microservice SODB is used as a source which produces data
on students from its database separated from other databases of the course design support
information system. The microservice contains functionality for processing data in JSON/XML
formats, a database, and an implemented RESTful API, where there is an entry point through
which GET requests are sent via the HTTP/HTTPS protocols in the form of a URL with access
tokens and parameters of the desired result. In this case, a JSON document with information
about students is noteworthy. The documents received from the service must be uploaded in
JSON format for processing in a document-oriented storage, regardless of whether it is own
microservice or an external call to it is transferred via the RESTful API on the Internet. Another
third-party service could be in its place. An example of SODB proprietary microservice is used
here. Furthermore, processing in the model state is activated by calling methods in the model
state for loading JSON data into a document-oriented data store. It is proposed to load data in
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two ways. These are the "Bulk-Load" loading method and the batch loading method. For a
successful upload, it is required to implement in the model not only methods for managing data,
but also the RESTful API of the used big data store. Since big data processing is achieved using
big data technologies, it will also be necessary to create model support with parameters or
elements entered into the model. In the model, it will be necessary to provide the parameters
for connecting to the microservice and specify the settings for obtaining data from it. The
previously used doc element with new parameters focused on the nature of the sources (the
microservice and NoSQL document-oriented data storage) may well be suitable for this.
Elements that have the specifics of processing big data could have parameters for calling "Bulk-
Load" methods or a batch method. Additionally, the task of creating a view that serves as a
container for the Map-Reduce functions arises in the course of the initiated processing. It is
assigned to some data set, i.e. a collection. Inside the view, the text of the Map-Reduce functions
iIs specified. For their deployment via the RESTful API of the storage, the SODB model must
also contain either their text in JavaScript or a link to a file with the source text of the functions.
This can be implemented as element parameters or new model elements can be introduced.
After the data, views and functions are loaded into the storage, this view is called and the
processing result is obtained. For this, the src data receiver is provided in the model which is
responsible for unloading the result with error handling in the err element.

Retrieving data from the SODB microservice. In our example, a data processing model
is required (see Figure 2, a, b) to connect with a virtual machine on which document-oriented
data store is deployed. CouchDB storage chosen to demonstrate processing capabilities [29]. A
model with a virtual array of documents has been created for this data warehouse (see Figure
2, a) Previously, the authors developed the concept of virtual multi-documents and their
structuring through the use of entry-elements in a similar style and taking into account the input
elements [30-31]. The external document storage Data was specified in the doc element with
the parameter host="http://gusar. servepics.com" meaning that the store is on
the server and is accessible via a RESTful single-entry point.

&% CouchDB-Processing

i Data host = "http://gusar.servepics.com/"
208 Last path = "dbname/_bulk_docs/"

Q%) CouchDB-Processing

(g Data host = "http://gusar.servepics.com/"
28 Last path = "dbname/_bulk_docs/"

Report type="JSONService" prmt="start=1&stop=1000"
baseurl="http://hsm.ugatu.su/artem/dbproj/srvs/studs2json/index.php?"

b
Figure 2 — Specifying a virtual document in a model with a mapping onto a document-oriented data
store (a), extracting data from the SODB microservice and mapping it onto a document-oriented data
store (b)
Pucynok 2 — 3aganne BUPTyaJIbHOTO TOKYMEHTA B MOZEIH C OTOOpaKeHHEM Ha JIOKYMEHTO-
OPHEHTUPOBAHHOE XPAHUIIHIIE JaHHBIX (&), W3BJICUeHHE TaHHBIX U3 Mukpocepsuca COB/] u
HoCJIe/IyrolIee 0TOOpaKeHHe Ha JIOKYMEHTO-OpUCHTHPOBAaHHOE XpaHmwniie qaHHbIX (D)

Next is the ent element denoting the structuring part of the heterogeneous source and
the part of the URL that helps to map data with the "Bulk-Load" method. To solve the problem
of loading data, it is necessary to continue working from the stage of obtaining data from the
SODB microservice. In this case, the SODB service for course design of students is suitable
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where the completion of the stages of the course project is recorded. The functionality of the
microservice allows the user to request data in XML or JSON formats. The model with the
specification of a data request from the SODB microservice is shown in the doc element in
Figure 2, b. The name of this microservice is Report and its type is specified in the
type="JSONService" parameter. The single entry point for requests is specified in the
baseurl where the address of the microservice IS set
baseurl=http://hsm.ugatu.su/artem/dbproj/srvs/studs2json
/index.php?. Additionally, the parameters prmt="start=1&stop=1000" are sent
with the request which is the designation of the start position start=1 and the end position
stop=1000. In this way the volume of the number of nodes loaded in the JSON file is
regulated.

Structuring the SODB model with elements and parameters for processing large
documents in a document-oriented storage

Extending the model with new structural parameters and elements to create a view in a
document-oriented data warehouse. Situation-oriented databases have not currently used
technologies for processing large documents from an external document-oriented storage in
contrast to the technologies for streaming processing large documents [4]. At this stage, it is
required to extend the model capabilities with the functionality of processing large documents
by introducing new map and rdc elements into the multidocument, thus structuring it
according to the functions in Figure 3, a, b.

&%) CouchDB-Processing CouchDB-Processing

&g View host = "http:/igusar.servepics.com/" iy View host = "http://gusar.servepics.com/"

219 Last path = "dbname/_design/viewname/" key="bystudID" 2d Last path = "dbname/_design/viewname/" key="bystudID"

MapReduceFunctions type="View" language="JavaScript"
id="_design/sodb" rev="33-fa03e033b058f27ea3ed1a3bvvabasfc"
pe] Map code="function (doc) {\n emit(doc._id, doc.sodb);\n}"

Reduce code="function(keys, values, rereduce)
{\r\n var count = 0;\n\n for(var i = 0; i < values.length; ++i)
{\rin count++;\r\n Jr\n return count;\rin}"

a b

MapReduceFunctions type="View" language="JavaScript"
id="_design/sodb" rev="33-fa03e033b058f27ea3ed1a3bvvabasfc"

e Map srcPath = "Functions/Map.js" index="1"
Reduce srcPath = "Functions/Reduce.js" index="2"

Figure 3 — A fragment of a model with a multi-document structured by elements of processing large
documents in a document-oriented data warehouse, with involvement in the processing of the source
code of functions in model (a), with involvement in the processing of the source code library of
functions (b)

Pucynok 3 — @parMeHT MOZeNu C MyJIbTHAOKYMEHTOM, CTPYKTYPHPOBAHHBIM 3JIEMEHTaMH 00paboTKU
OOJIBIINX JOKYMCHTOB B JOKYMCHTO-OPUCHTHUPOBAHHOM XPAaHWUJINIIC JaHHBIX, C IPUBJICYCHUEM K
00paboTKe UCXOTHOTO KoAa (DYHKIUI B MOJIEIH (@), C IPUBJICUECHHEM K 00paboTKe ONOIMOTEeKH
MCXOJHBIX TeKCTOB (yHKImid (D)

At the same time, the entry element here has a new key="bystudID" parameter
since such parameters can be sent to the storage to return documents that match the given key.
The doc element takes on additional id and rev parameters as required by the repository to
specify the id and version of the document. The doc element must specify the 1anguage
parameter which gives information to the interpreter about the nature of the data contained in
the map and rdc structural elements. The base storage language is JavaScript using the model
fragment from Figure 3, a as an example and the Map element contains the code in the input
code parameter in JavaScript. This is the source code for the Map function loaded into the
store.
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Next comes the rdc element which also contains the JavaScript code to deploy the
Reduce function to the store. Figure 3, a, b shows two options for placing functions. It remains
possible to write the function code into the model directly, i.e. when it is not required to process
data often and the Map_Reduce functions are standard and do not form a library. Consequently,
the code parameter from Figure 3, a can be used. With the growth in the number of functions
and the need to reduce the text of the model, an option is provided when the functions are placed
in the library. This is shown in Figure 3, b. The srcPath parameter is already used here which
sets the address of the Functions/Map. js and Functions/Reduce. js libraries. This
is due to the fact that it is required to process a document using various functions. Pairs of
functions can follow each other, and the elements doc, map, rdc form the so-called
representation in a document-oriented storage environment with technology for processing
large documents. In order to apply different pairs of functions, the map and rdc elements
contain indexes in the index parameters which can be specified in the model states to select
the desired function from the library.

The state of the submodel for loading data from the SODB microservice into a
document-oriented storage. The SODB data processing model consists not only of the
description of documents and data arrays but also of the states in which the data processing task
arises. Therefore, it is possible to consider a fragment of the model where it is clearly required
to process data. Figure 4, a, b shows such a fragment of the model, where there is a sub-model
named proc and the state of the same name containing a dpo data processing object named
DPO Load Data.

Buk documert

“cranreld™ UCF41AW oo Rwiog” g7 " LITKC-
eGetDae”", "stada”{{r0™"1" Tem™ " tenl Ve

o TR
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Warehouse

: s
onloadEr = "erProc
saveDoc = Data
Data RequestMethod = "cURL" type=TCoucr(8"
HardingMethod="Buk_Load”_

a

0P0_load Das

Py Report Requestethod = "cURL” type="JSON_Senice’
onloadEr ="erProc”

saveDoc = "Data”

Data Requestllethod = "cURL" type=CouchDB"

Hard rg&E{foc:?oto»ec";_ o —— 3 Posion 2 Document-Oriented

GetDae"", stadia" Warehouse

b Pt W, itend" " "daaRazy
O T deaPron " wrenProv

Figure 4 — Fragment of a hierarchical situational model of loading JSSON data into a document-
oriented storage using the "Bulk-Load" method
Pucynok 4 — dparMeHT uepapXxuuecKoi CUTyallnOHHOM Moaesu 3arpy3ku JSON-1aHHBIX B
JOKyMEHTO-OPHEHTUPOBaHHOE XpaHuuiie metogoM "Bulk-Load"

This data processing object solves the problem of loading data into the storage. The
model contains a src element named Report, an indication of the request method using the
CURL extension, connection to the microservice of the typified as JSON Service, which
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means that this microservice produces data in JSON format. Next, the jsonDoc element arr
is placed, which refers in the srcDoc parameter to the Report virtual document considered
in the model fragment from Figure, 2, b with the result saved in a document-oriented storage;
the saveDoc parameter refers to the data receiver specified in the model further by the rcv
element in which there is a link to the virtual single-entry Data document seen previously in
Figure 2, a.

Bulk-Load data loading method. The rcv receiver element also has the storage type
type="CouchDB" and its Bulk Load method. The interpreter, bypassing this model in the
interpretation cycle, calls for work not only the cURL extension but also the functionality for
working with a document-oriented data store and prepares the data of the virtual data processing
object for loading JSON "in its entirety”. This method helps to upload data as a common file,
but the opportunity remains to upload multiple files, which will increase the time it takes to
load data into the storage.

Portioned data loading method. In the receiver element, you can also set an alternative
loading method Portioned which differs in that the document is divided into portions and then
each portion is loaded in turn. It should be noted that in this case the description of the multi-
document changes; the entry point IS
http://gusar.servepics.com :5984/dbname/ not
http://gusar.servepics.com:5984/dbname/ bulk docs/. Portions can be
formed from nodes. These nodes are transferred to the storage, where a queue is formed and
then the storage continues creating documents in the collection after the load script completes.

Creating views in a document-oriented data store. Having dealt with the specifications
in the SODB model for loading data and with the methods of sending them to the storage, the
focus is shifting to such a toolkit of a document-oriented storage as a "view". This tool serves
as a container for technologies such as Map-Reduce precisely in view of the detailed description
of the statistics of the Map and Reduce functions. When such a view is called, it sends a function
to the document collection to obtain the results. The view has the appearance of a separate
document with an ID and a document modification date and is styled using JavaScript. In other
words, a view in a document-oriented data store is the text of a program in a document bound
to a data collection.

In SODB, it is proposed to specify the representation in the states of the submodel. In
our example from Figure 4, a, b, there are two options for methods but both of them add an
additional data processing object with a specification referring to a multi-document. An
example of such a data processing object is shown in Figure 5 with the name
DPO Create View. The MapReduceFunctions data source is specified for it with the
content in JavaScript.

€ 0PO_Create_View
> MapReduceFunctions type="JavaScript"

> % isMapReduce srcDoc = "MapReduceFunctions”
onCreateErr = "errProc"
saveDoc = "View"
maplndex="1" reducelndex="2"

Y09 View RequestMethod = "cURL" type="CouchDB"

Figure 5 — Model fragment with an example of a data processing object containing specifications for
creating a view in a document-oriented data store
PucyHnok 5 — ®@parMeHT Mozenu ¢ MpuMepoM 00BbeKTa 00pabOTKH JaHHBIX, COAEPIKALIETO
CHGLII/I(l)I/IKaLII/II/I CO3JaHusA MPCACTABJICHUA B JOKYMCHTO-OPUCHTUPOBAHHOM XPaHWINIIC JaHHBIX
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The way the src is handled in the arr element where there is a reference to the error-
handling state since the creation of the view can be accompanied by errors. According to the
results of processing, it is required to save the document. In the arr element named
jsMapReduce, the saveDoc="View" parameter is provided which enables saving as a
view. When the view is created, many variants of the Map and Reduce functions, indicated in
the MapReduceFunctions multi-document description structure from Figure 3, b, can be
involved in it if necessary. When creating a view, it is necessary to determine which functions
will be used to place it in the view. This task is proposed to be solved by introducing indices in
the parameters of the arr element such as mapIndex and reduceIndex. The pairs of Map
and Reduce functions are defined by the numbers 1 and 2 and they must match the same indexes
inside the multidocument.

When a view document is formed in the virtual data processing object, a receiver is
defined for it (see the Figure 5). It shows a rcv receiver element with the name view and the
RequestMethod="cURL" creation method. The storage type is determined by the
type="CouchDB" parameter. The volume of view documents is small compared to the data
itself, so the specialized methods for loading, discussed earlier with the data example (see the
Figure 4), are not proposed.

Case study: processing student’s data in a document-oriented warehouse

A hierarchical situational model of data processing from a SODB microservice is
considered using an example shown in Figure 6.

@ CouchDB-Processing
Data host = "http:/gusar.servepics.com/"
Last path = "dbname/_bulk_docs/"

View host = "http://gusar.servepics.com/"

Last path = "dbname/_design/viewname/" key="bystudID"
doc MapReduceFunctlons type' "View" language="JavaScript"
id="_design/sodb" rev="33- fa036033b058f27ea3ed1a3bwaba8fc
9 Map srcPath = "Functions/Map.js" index="1"

Reduce srcPath = "Functions/Reduce js" index="2"

w Reporttype— "JSONService" prmt="start=1&stop=1000"
baseurl="http://hsm.ugatu.su/artem/dbproj/srvs/studs2json/index.php?"

\»@ proc
@D proc

DPO_Load_Data
™ Report RequestMethod = "cURL" type="JSON_Service"

Pre9 jsonDoc srcDoc = "Report"
onLoadErr = "errProc"
saveDoc = "Data"
j4# Data RequestMethod = "cURL" type="CouchDB"
HandlingMethod="Bulk_Load"

DPO_Create_View

B MapReduceFunctions type="JavaScript"

Eie® jsMapReduce srcDoc = "MapReduceFunctions”
onCreateErr = "errProc”
saveDoc = "View"
maplndex="1" reducelndex="2"

J3® View RequestMethod = "cURL" type="CouchDB"

@D enProc

Figure 6 — General view of the hierarchical situational model of SODB for data processing in a
document-oriented storage
Pucynok 6 — O6mmii Bux nepapxudeckort curyarmornnoi moaenu COBJI mst 00paboTKH TaHHBIX B
JIOKYMEHTO-OPUEHTUPOBAHHOM XPaHUIIHUILIE
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In this case, the studs2json microservice supplies large volume data that is loaded
into a document-oriented storage based on SODB using the Bulk Load method. The second
stage is the loading of the view with the Map-Reduce functions used to obtain data on students.
A multi-document View is specially created for the DPO Create View data processing
object, where the entry point is different since a special entry point is provided in the document-
oriented storage in the API for views.

A sample microservice with up-to-date data on students is shown in Figure 7. Requests
to the service are sent via HTTP. The GET request URL line indicates the number of nodes

requested  for  processing. In  Figure 7, the results of the request
https://hsm.ugatu.su/artem/dbproj/srvs/studs2json/index.php?st

art=1&stop=10000 are presented in the browser in the form of a JSON document.

O | €3 Mapaverpu X | 2 hsmugatusu/artem/dbproj/srv: X | =+ - a X
~ G A A Hebesonack hsm.ugatu.su/artem/dby srvs/studs2j index.php?start=1&stop= i) ° G =

,"regDate":"02. 16 22","zadanieGetDate" “stadia":
> []}]){m 92139689 "E

dataRazr":"28.09.22"
cmhansafyzrl_quwkou" - ":"u
dataRazr":"26.09.22
mKDSbFECQMxLGHTACA"

“try* []}]}{ id":
9.16.22", "zadanieGetDate":

dataRazr":"26.89.22" vremRaz
UCuCZquBOGBTh\uFOGxBNGg "gr

m
"UCmaEGulerAzl|bClU61LVtg s
dataRazr":"26.69.22", "vre ¥ e
: : > 5 : thN7ijZbkchDpsa\/ W, "gr": o3u", "topi : "26.09.22", "zadanieGetDate" :
[{"no":"1"."litera":"n"."litera2": "U"."litera3":"" "dataRazr":"26.09.22" vramRazr‘ "@"."dataProv":" vremProv" "trv" H}]\ {"id" 22138595 flo R

Figure 7 — Retrieving students’ data from the stud2json SODB microservice (students‘ data has been
changed)
Pucynok 7 — V3BieueHne TaHHBIX MO CTyeHTaM 13 MuKpocepsuca stud2json COB/] (nanHble
CTYJICHTOB U3MCHCHBI)

The practical implementation and testing of the results was carried out using the well-
known Apache CouchDB data warehouse [29], where there is an implemented Map-Reduce
technology and a Bulk-Load loading method.

The processing of large documents from microservices has found its practical reflection
in the SODB project. The screen with student data is shown in Figure 8 where it is possible to
see the list of students by their IDs. For each student, the nodes of the document are extracted
which show stage completion by each student with a certain status. Such tasks are often required
to be solved, when it is necessary to involve the statistical functions prescribed in the data
representations while constructing summary charts and tables. By using the model from Figure
6, it is possible to reduce the programming effort and avoid redundant data processing code in
the SODB. The new specifications of multi-documents and data processing objects introduced
into the model reduce the program code of the hierarchical situational model by 8-10 times
[3, 7].
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&« ® ¢ @& hsmugat hsm.ugatu.su/artem/dbproj/index php 510138 A B L
@ Moutossiif cepee; [ SSAS 2012: ot mc @) Arperauma gannel 45 Tnoccapwid BIDW! & Tags - Memogroc:  [3 -CUUT- [ BMA- show-QR @ Window function: B OBluve ceeservs & relational olap: 2+ [ Kak # pasbupanc: g8 »
yrA1y> KypcoBon npoekT «ba3sbl AaHHbIX» 2 35»
Kad asTomati cucrem J
MONE3HbIE CChINKW Monb3oBarens s (Administrator-Admin) Beuaru OCBOEHME KOHTEHTA
« PerdcTpauus Ha caite —
« Padora c caiitom YuebHoe nonyroaue 2022-2 — 3aperncTpUpOBaHHbIe CTYLIEHTBL:
« Nexun 51 (nneAnkct)
Ne Kon
20131014 |
* Viepapxuyeckan Mojens ) — 017-1 MPO-3:
* ER-ozens + EGIEEd oot
+ Hopmanu3aus ER-wogenu 5 o
+ Komnoauuus ER-mozeneit [ 20130555 [0
* OT ER K PenAUMOHHbIM 7 o
« Monenw oToGpaxeHHA il 20130790 [V
+ 0630p CYE]], nnefnuct El 20130370 [
. -y 20130371 N0 )32,
Bl 20r00cs [ETERNES
HOTALIMM, NNEANACT 13 005-1 M1-326
PR 14 EEREY 0071 MBT-326

+ OTveT 0 NPOCHOTPAX BIAEO Y 203083
* Visio 2010 — rpac. pegakrop
* SQLize Online — Tectep SQL

* Screencast-o-Matic — 3anuce
3kpaHa AnA 20
BUCONPEIEHTALMN

+ Tunepky6 — oGpasey Aok-Ta

Figure 8 — The interface of the "course design" project on databases with data on students (students’
data has been changed)
Pucynok 8 — MuTepdeiic npoekra "KypcoBOro npoeKTHpoBaHus" o 06a3aM JTaHHBIX C JAHHBIMU 110
CTyAeHTaM (JaHHBIE CTYIEHTOB N3MCHECHBI)

Conclusion

This article is devoted to the development of a SODB model for processing
heterogeneous documents from microservices in a document-oriented data warehouse. It has
been established that in the model, due to the introduction of new structured elements of multi-
documents, it is possible to specify microservices and views mapped onto a real data warehouse
while additional parameters for managing loading methods are also introduced into data
processing objects. Owing to the specification inside the data processing objects, it becomes
possible to control the Bulk_Load and Portion data loading methods proposed in the SODB.
All the proposed tools fit into the modern microservice architecture, which also enables the use
of external microservices as sources of heterogeneous SODB data.

To involve Map-Reduce technologies in data processing, a high-level abstraction model
is used which reduces labor intensity compared to manually loading data into the storage, thus
minimizing the use of the storage user interface. The research is carried out almost entirely
using the SODB user experience. All proposed solutions were tested on a research prototype in
a course design project for the course on databases.

REFERENCES

1.  Wilde E., Pautasso C. REST: From Research to Practice. Springer Science & Business
Media. 2011:528. DOI:10.1007/978-1-4419-8303-9.

2. Mironov V.V., Gusarenko A.S., Yusupova N.I. Situation-oriented databases: polyglot
persistence based on REST microservices. Prikladnaya informatika = Applied
Informatics. 2019;5(83):87-97. DOI:10.24411/1993-8314-2019-10038. (In Russ.).

3. Mironov V.V., Gusarenko A.S., Tuguzbaev G.A. Extracting semantic information from
graphic schemes. Informatika i avtomatizatsiya = Informatics and Automation.
2021;20(4):940-970. DOI:10.15622/1A.20.4.7. (In Russ.).

4.  Gusarenko A.S., Mironov V.V., Yusupova N.I. Stream processing of large documents in
situationally oriented databases. /ITIDS’2018: Trudy 6-oy mezhdunarodnoy konferentsii

11|16



MoneaupoBaHue, ONTHMHU3ANMS W HHPOPMAIIMOHHBIE TEXHOJIOTHH / I 2022;10(4)

Modeling, optimization and information technology

https://moitvivt.ru

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

po Informatsionnym tekhnologiyami intellektual’'noy podderzhki prinyatiya resheniy =
ITIDS 2018 Proceedings of the 6-th International Conference Information Technologies
for Intelligent Decision Making Support. Ufa, Russia: USATU; 2018:7-12. (In Russ.)
Seera N.K., Taruna S. Analyzing Cost Parameters Affecting Map Reduce Application
Performance. International Journal of Information Technology and Computer Science.
2016;8(8):50-58. DOI:10.5815/ijitcs.2016.08.06.

Papadopoulos A., Manolopoulos Y. Parallel bulk-loading of spatial data. Parallel
Computing. 2003;29(10):1419-1444. DOI:10.1016/j.parco.2003.05.003.

Mironov V.V., Gusarenko A.S., Tuguzbaev G.A. Situation-oriented databases: the
formation of personalized graphic documents for educational design support.
Modelirovaniye, optimizatsiya i informatsionnyye tekhnologii = Modeling, Optimization
and Information Technology. 2020;8(2):1-18. DOI:10.26102/2310-6018/2020.29.2.013.
(In Russ.).

Gusarenko A.S. Improvement of Situation-Oriented Database Model for Interaction with
Mysql. lzvestiya vysshikh uchebnykh zavedeniy Priborostroyeniye =Journal of
Instrument Egineering. 2016;59(5):355-63. DOI:10.17586/0021-3454-2016-59-5-355-
363. (In Russ.).

Mironov V.V., Gusarenko A.S., Yusupova N.l., Smetanin Y.G. JSON documents
processing using situation-oriented databases. Acta Polytechnica Hungarica.
2020;17(8):29-40. DOI:10.12700/APH.17.8.2020.8.3.

Mironov V.V., Gusarenko A.S., Yusupova N.I. Monitoring YouTube Video Views in the
Educational Environment Based on Situation-Oriented Database and RESTful Web
Services. Sistemnaya inzheneriya i informatsionnyye tekhnologii = Systems Engineering
and Information Technologies. 2021;3(1(5)):39-49.

Mironov V.V., Gusarenko A.S., Yusupova N.l. Building of Virtual Multidocuments
Mapping to Real Sources of Data in Situation-Oriented Databases. Communications in
Computer and Information Science. 1204 CCIS. 2021:167-178. DOI:10.1007/978-3-
030-78273-3_17.

Kolonko M., Mullenbach S., Polyglot Persistence in conceptual modeling for information
analysis. ACIT’2020: Proc. 10th Int. Conf. on Advanced Computer Information
Technologies. 2020:590-594. DOI:10.1109/ACIT49673.2020.9208928.

Mironov V.V., Gusarenko A.S., Yusupova N.I. Situation-oriented databases: polyglot
persistence based on REST microservices. Applied Informatics. 2019;14(5(83)):87-97.
DOI: 10.24411/1993-8314-2019-10038. (In Russ.).

Mironov V.V., Gusarenko A.S., Yusupova N.I. Stream handling large volume documents
in situationally-oriented databases. International Scientific Journal INDUSTRY 4.0
Scientific Technical Union of Mechanical Engineering “INDUSTRY 4.0.”
2018;3(5):240-4.

Mironov V., Gusarenko A., Yusupova N. Stream Documents Processing Invariance in
Situation-Oriented Databases. 7th Scientific Conference on Information Technologies for
Intelligent Decision Making Support (ITIDS’2019). Atlantis Press; 2019:309-15.
DOI:10.2991/itids-19.2019.55.

Sakr S., Zomaya A.Y. Handbook of Big Data Technologies [Internet]. Springer
International Publishing; 2017. Available from:
https://link.springer.com/book/10.1007/978-3-319-49340-4 (accessed on 12.10.2022).
Sakr S., Zomaya A.Y. Encyclopedia of big data technologies. Springer International
Publishing; 2019. DOI: 10.1007/978-3-319-77525-8.

Bakshi K. Technologies for Big Data. IGI Global; 2014:1-22. DOI:10.4018/978-1-4666-
4699-5.ch001.

Singh S., Singh P., Garg R., Mishra P.K. Big Data: Technologies, Trends and

12|16


https://link.springer.com/book/10.1007/978-3-319-49340-4

MoneaupoBaHue, ONTHMHU3ANMS W HHPOPMAIIMOHHBIE TEXHOJIOTHH / I 2022;10(4)

Modeling, optimization and information technology

https://moitvivt.ru

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Applications. International Journal of Computer Science and Information Technologies.
2015;6(5):4633—-4639.

Mamedova G.A., Zeynalova L.A., Melikova R.T. Big data technologies in e-learning.
Open Education. 2018:16;0(6):41-8. DOI: 10.21686/1818-4243-2017-6-41-48.

Jiang D., Ooi B.C., Shi L., Wu S. The performance of MapReduce: an in-depth study.
Proceeding Proc VLDB Endow. 2010;3(1-2):472-483.
DOI:10.14778/1920841.1920903.

Shim K. MapReduce Algorithms for Big Data Analysis. In: Madaan A, Kikuchi S, Bhalla
S, editors. Lecture Notes in Computer Science. Databases in Networked Information
Systems. Berlin, Heidelberg: Springer; 2013: 44-8. DOI:10.1007/978-3-642-37134-9 3.
Tao Y., Lin W., Xiao X. Minimal MapReduce algorithms. Proceedings of the 2013 ACM
SIGMOD International Conference on Management of Data. New York, NY, USA:
Association for Computing Machinery; 2013:529-40. DOI: 10.1145/2463676.2463719.

Gyo6rédi C.A., Dumse-Burescu D.V., Zmaranda D.R., Gyorédi R.S., Gabor G.A.,
Pecherle G.D. Performance Analysis of NoSQL and Relational Databases with CouchDB
and MySQL for Application’s Data Storage. Applied Sciences. 2020;10(23):8524. DOI:
10.3390/app10238524.

Anderson J.C., Lehnardt J., Slater N. CouchDB: The Definitive Guide: Time to Relax.
O Reilly Media, Inc.; 2010:274.

Lennon J. Beginning CouchDB. Apress; 2010:299.

Gusarenko A.S. Certificate of state registration of the computer program No.
2022617552. Microservice of a situationally oriented database for loading data and Map-
Reduce functions into a document-oriented storage. 2022. (In Russ.).

Gusarenko A.S. Certificate of state registration of the computer program No.
2022617505. Situational database modules for extracting large documents and archives
from RESTful services of heterogeneous data stores. 2022. (In Russ.).

Apache CouchDB. Available from: https://couchdb.apache.org/ (accessed on
17.10.2022).

Mironov V.V., Gusarenko A.S., Yusupova N.I. Situation-Oriented Databases: Processing
Office Documents. Modelirovaniye, optimizatsiya i informatsionnyye tekhnologii =
Modeling, optimization and information technology. 2022:28;10(2):1-16.
DOI:10.26102/2310-6018/2022.37.2.021.

Mironov V.V., Gusarenko A.S., Yusupova N.I. The Invariance of The Virtual Data in
The Situationally Oriented Database When Displayed on Heterogeneous Data Storages.
Vestnik komp'yuternykh i informatsionnykh tekhnologiy = Herald of Computer and
Information Technologies. 2017;(1(151)):29-36. DOI: 10.14489/VKIT.2017.01.PP.029-
036 (In Russ.).

Course project "Databases". Available from: http://hsm.ugatu.su/artem/dbproj/ (accessed
on 20.10.2022). (In Russ.).

CIIUCOK UCTOYHHUKOB

Wilde E., Pautasso C. REST: From Research to Practice. Springer Science & Business
Media. 2011:528. DOI:10.1007/978-1-4419-8303-9.

Muponos B.B., I'ycapenko A.C., FOcynosa H.1. CutyannoHHO-opueHTUpOBaHHbIE Oa3bl
nanuabix.  polyglot persistence na ocuoBe REST-mukpocepBucos. [Ipuxiaonas
ungopmamuxa. 2019;14(5(83)):87-97. DOI:10.24411/1993-8314-2019-10038.
MuponoB B.B., T'ycaperxo A.C., Tyry36aes [.A. HM3BieueHne CeMaHTHYECKOU
uHpopMauuu u3 rpadpuyeckux cxeMm. HMHugopmamuka u  agmomamuzayus.

2021;20(4):940-70. DOI:10.15622/1A.20.4.7

13|16


https://couchdb.apache.org/
http://hsm.ugatu.su/artem/dbproj/

MoneaupoBaHue, ONTHMHU3ANMS W HHPOPMAIIMOHHBIE TEXHOJIOTHH / I 2022;10(4)

Modeling, optimization and information technology

https://moitvivt.ru

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

I'ycapenko A.C., MuponoB B.B., IOcynosa H.U. IloTokoBas o06paboTka OOmbIIMX
JOKYMEHTOB B CHTYallMOHHO-OPUEHTHPOBAHHBIX 0a3ax naHHbIX. ITIDS 2018: Tpyow 6-
ou  MedNCOYHapoOHoUu  KOHpepenyuu no  HUugopmayuounviv  mexmonocusmu
UHmMeNIeKmyanbHol noodepaicku npunsmus pewenuti. Y da, Poccus: YIATY,; 2018:7—
12.

Hou X, Li N, Yang H, Liang Q. Comparison of Wordprocessing Document Format in
OOXML and ODF. 2010 Sixth International Conference on Semantics, Knowledge and
Grids. 2010:297-300. DOI:10.1109/SKG.2010.44.

Papadopoulos A., Manolopoulos Y. Parallel bulk-loading of spatial data. Parallel
Computing. 2003;29(10):1419-1444. DOI:10.1016/j.parco.2003.05.003.

Muponos B.B., I'ycapenko A.C., Tyry3z6aes I'.A. CuTyanMOHHO-OPHEHTHPOBAHHBIC
0a3bl JaHHBIX: (POPMUPOBAHHE NMEPCOHATU3UPOBAHHBIX IPaUIECKUX JOKYMEHTOB JIJIS
NONJEPKKU ~ y4eOHOro  MpoeKTUpoBaHus. Moldenuposanue, onmumuzayus u
ungopmayuonnsvie mexrnonocuu. 22;8(2):1-18. DOI:10.26102/2310-6018/2020.29.2.013.
I'ycapenko A.C. YcoBepiieHCTBOBaHHE MOJIENIN CUTYallMOHHO-OPUEHTHPOBAHHON 0a3bl
JaHHBIX 1711 B3aumopaeuctBusi ¢ MySQL. Mzgecmus evicuux yuebHbIX 3a8edeHutl
Ipubopocmpoenue. 2016;59(5):355-63. DOI:10.17586/0021-3454-2016-59-5-355-363.
Mironov V.V., Gusarenko A.S., Yusupova N.l., Smetanin Y.G. JSON documents
processing using situation-oriented databases. Acta Polytechnica Hungarica.
2020;17(8):29-40. DOI:10.12700/APH.17.8.2020.8.3.

Muponos B.B., I'ycapenko A.C., FOcynosa H.MI. MoHuUTOpUHI IPOCMOTPOB BHUIEO
YouTube B 00pa3zoBarelibHON Cpelie Ha OCHOBE CUTYAI[HOHHO-OPUCHTUPOBAHHON 0a3bl
naHHbIx U BeO-cepBucoB RESTful. Cucmemmnas unoicenepuss u ungpopmayuonnvie
mexnonozuu. 2021;3(1(5)):39-49.

Mironov V.V., Gusarenko A.S., Yusupova N.l. Building of Virtual Multidocuments
Mapping to Real Sources of Data in Situation-Oriented Databases. Communications in
Computer and Information Science. 1204 CCIS. 2021:167-178. DOI:10.1007/978-3-
030-78273-3_17.

Kolonko M., Mullenbach S., Polyglot Persistence in conceptual modeling for information
analysis. ACIT’2020: Proc. 10th Int. Conf. on Advanced Computer Information
Technologies. 2020:590-594. DOI:10.1109/ACIT49673.2020.9208928.

Muponos B.B., I'ycapenko A.C., FOcynosa H.W. CutyaiimoHHo-opueHTHpOBaHHbIE Oa3bl
nauubix:  polyglot persistence na ocuoBe REST-mukpocepBucoB. [lpukiaouas
ungopmamuxa. 2019;14(5(83)):87-97. DOI: 10.24411/1993-8314-2019-10038.
Mironov V.V., Gusarenko A.S., Yusupova N.I. Stream handling large volume documents
in situationally-oriented databases. International Scientific Journal INDUSTRY 4.0
Scientific Technical Union of Mechanical Engineering “INDUSTRY 4.0.”
2018;3(5):240-4.

Mironov V., Gusarenko A., Yusupova N. Stream Documents Processing Invariance in
Situation-Oriented Databases. 7th Scientific Conference on Information Technologies for
Intelligent Decision Making Support (ITIDS’2019). Atlantis Press; 2019:309-15.
DOI:10.2991/itids-19.2019.55.

Sakr S., Zomaya A.Y. Handbook of Big Data Technologies. Springer International
Publishing; 2017. Available from: https://link.springer.com/book/10.1007/978-3-319-
49340-4 (accessed on 12.10.2022).

Sakr S., Zomaya A.Y. Encyclopedia of big data technologies. Springer International
Publishing; 2019. DOI: 10.1007/978-3-319-77525-8.

Bakshi K. Technologies for Big Data. IGI Global; 2014:1-22. DOI: 10.4018/978-1-4666-
4699-5.ch001.

Singh S., Singh P., Garg R., Mishra P.K. Big Data: Technologies, Trends and

14|16


https://link.springer.com/book/10.1007/978-3-319-49340-4
https://link.springer.com/book/10.1007/978-3-319-49340-4

MoneaupoBaHue, ONTHMHU3ANMS W HHPOPMAIIMOHHBIE TEXHOJIOTHH / I 2022;10(4)

Modeling, optimization and information technology

https://moitvivt.ru

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

Applications. International Journal of Computer Science and Information Technologies.
2015;6(5):4633-4639.

Mamedova G.A., Zeynalova L.A., Melikova R.T. Big data technologies in e-learning.
Open Education. 2018:16;0(6):41-8. DOI: 10.21686/1818-4243-2017-6-41-48.

Jiang D., Ooi B.C., Shi L., Wu S. The performance of MapReduce: an in-depth study. In
proceeding Proc VLDB Endow. 2010;3(1-2):472-483. DOI:10.14778/1920841.1920903.
Shim K. MapReduce Algorithms for Big Data Analysis. In: Madaan A, Kikuchi S, Bhalla
S, editors. Lecture Notes in Computer Science. Databases in Networked Information
Systems. Berlin, Heidelberg: Springer; 2013:44-8. DOI: 10.1007/978-3-642-37134-9.
Tao Y., Lin W., Xiao X. Minimal MapReduce algorithms. Proceedings of the 2013 ACM
SIGMOD International Conference on Management of Data. New York, NY, USA:
Association for Computing Machinery; 2013:529-40. DOI:10.1145/2463676.2463719.
Gyo6rodi C.A., Dumse-Burescu D.V., Zmaranda D.R., Gydrddi R.S., Gabor G.A.,
Pecherle G.D. Performance Analysis of NoSQL and Relational Databases with CouchDB
and MySQL for Application’s Data Storage. Applied Sciences. 2020;10(23):8524. DOI:
10.3390/app10238524.

Anderson J.C., Lehnardt J., Slater N. CouchDB: The Definitive Guide: Time to Relax.
O Reilly Media, Inc., 2010:274.

Lennon J. Beginning CouchDB. Apress; 2010:299.

I'ycapenko A.C. CBUAETENBCTBO O I'OCYJAPCTBEHHOW PErHMCTPALlMU MPOTPAMMBI IS
OBM Ne 2022617552. MuKpocepBUC CHUTYallMOHHO-OPUEHTHUPOBAHHOW 0a3bl JaHHBIX
JUIs 3arpy3kd JaHHBIX M (QyHkuuii Map-Reduce B 10KyMEHTO-OpHEHTHPOBAHHOE
xpanunuie. 2022.

I'ycapenko A.C. CBUAETENBCTBO O TIOCYJApCTBEHHOW PErHCTPAllMU MPOTPAMMBI IS
OBM Ne 2022617505. Moaynu CUTyallMOHHO-OPUEHTHPOBAHHOM 0a3bl JAHHBIX IS
U3BJICYCHUS] OOJIBIINX JTOKYMEHTOB M apxuBoB n3 RESTful-cepBucoB reteporeHHbIX
XpaHWINIL JaHHBIX. 2022.

Apache CouchDB. J[octynHo mo: https://couchdb.apache.org/ (mata oOpaiueHus
17.10.2022).

Muponos B.B., I'ycapenko A.C., HOcynosa H.W. CuryanimoHHo-OpueHTHPOBaHHbIE Oa3bl
JaHHBIX: 00pa0oTKa OQUCHBIX JOKYMEHTOB. Modenupogsanue, onmumuzayus u
ungopmayuonnvie  mexnonoeuu.  2022:28;10(2):1-16. DOI:  10.26102/2310-
6018/2022.37.2.021.

Muponos B.B., I'ycapenko A.C., IOcynoa H.M. MHBapuaHTHOCTb BHPTYyaJbHBIX
JAHHBIX B CI/ITyaI_[I/IOHHO-OpHCHTHpOBaHHOﬁ Oaze JaHHBIX IIPpHU OTOGpa)KeHI/II/I Ha
Pa3HOPOIHBIE XPAHUIUIIA. BecmHuuk KoMnoomepHvix U UHGHOPMAYUOHHBIX MEXHOI02U.
2017;(1(151)):29-36. DOI: 10.14489/VKIT.2017.01.PP.029-036.

Kypcosoii mpoekt «ba3bl nanubix». Jloctymuo mo: http://hsm.ugatu.su/artem/dbproj/
(mata oopamenus 20.10.2022).

NH®OPMAILIMUSA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

I'ycapenko Aptem CepreeBuu, xkanaummatr Artem Sergeevich Gusarenko, Candidate of
TeXHWYeCKHX  Hayk, jgomeHt  kadeapsr Technical Sciences, Associate Professor at the
ABTOMaTH3MpOBAaHHBIX CHCTeM ympasieHus, Department of Automated Control Systems, Ufa
Ydumckoro rocynmapcTBeHHOro apuaimonHoro State Aviation Technical University, Ufa,
TEXHUYECKOro yHuBepcuteTa, Y da, Poccuiickas Russian Federation.

®denepanus.

e-mail: gusarenko.as@ugatu.su

ORCID: 0000-0003-4132-6106

15|16


https://couchdb.apache.org/
http://hsm.ugatu.su/artem/dbproj/
mailto:gusarenko.as@ugatu.
https://orcid.org/0000-0003-4132-6106

MoneaupoBaHue, ONTHMHU3ANMS W HHPOPMAIIMOHHBIE TEXHOJIOTHH / 2022;10(4)
Modeling, optimization and information technology https://moitvivt.ru

Cmamuws nocmynuna 8 pedaxyuio 21.10.2022; ooodpena nocne peyenzuposanus 03.11.2022;
npunama k nyoauxayuu 18.11.2022.

The article was submitted 21.10.2022; approved after reviewing 03.11.2022;
accepted for publication 18.11.2022.

16|16



