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Amnnoranus. [Ipescrasiena opuruHainbHas ”HOPMANHOHHAS cHCTeMa «depMa JaHHBIX». CeroHs yCIemHoe
[PUMEHEHHE AJITOPUTMOB HCKYCCTBEHHOIO HMHTEIUICKTa, NPEXJAE BCEro IIIyOOKOro oOydeHHs Ha OCHOBE
HEHPOHHBIX CETEH, MPAKTUYECKH IOJHOCTBIO 3aBHCHUT OT HainMums AaHHbIX. VI 4em Goiblne o0beM 3THX
JIaHHBIX, TEM JIy4Ille Pe3yJbTarhl paboThl AITOPHTMOB. XOpPOIIO M3BECTHBI PUMEPBI TAKHX AITOPUTMOB OT
Facebook, Google, Microsoft, Yandex u ap. /laHHbIe ZODKHBI COAEPKATh KaK 00YYarOIIyI0 BEIOOPKY, TaK U
tectupyemy:o. IIpudeM, TaHHbIE JOJDKHBI OBITH XOPOLIETro KauyecTBa U 00JIafaTh ONPE/ICICHHON CTPYKTYpOii,
B Hjeane ObITh Pa3MEUYEHHBIMH, YTOOBI AJITOPUTMBI OOYYCHHs pPabOTaIM aAeKBaTHO. DTO HPEICTABIAET
CEpbEe3HYI0 IIpO0JIeMy, TPEOYIOLIYI0 OrPOMHBIX BBIYHCIMTEIBHBIX M YEJIOBEYECKHX pecypcoB. VIMeHHO
PCLICHHIO 3TOH NPOOJIEeMbl MOCBSIICHA JaHHas craThs.. Ha ceromust depma JaHHBIX HpejcraBiseT u3 ceds
JIOBOJIBHO CJIOXKHYIO HH()OPMALMOHHYIO CHCTEMY, IIOCTPOCHHYIO II0 MOAY/IBHOMY IIPHHIHILY, CXOXYIO C
M3BECTHBIM KOHCTPYKTOPOM «JIero». OTaenbHbIMI MORY/ISIMH CUCTEMBI SBIISIOTCS PA3JINYHBIC COBPEMEHHBIC
QITOPUTMBI, TEXHOJIOTHH ¥ Lelble OUOIMOTEKH MCKYCCTBEHHOTO WHTEIUIEKTA, a BCE BMECTE OHH HPU3BAHBI
aBTOMATH3UPOBATh NIPOLECC MOTYIEHHUs H CTPYKTYPUPOBAHUS KA4ECTBEHHBIX OOJIBIIHNX JaHHBIX B PA3IHIHBIX
npenMeTHeIx obsactsax. Cucrema Obita npoTtecTupoBaHa Ha AaHHbIX Mo COVID-19 B permonax Poccuu u
cTpaHax mupa. Kpome Toro, Obu1 pa3paboran ymoOHbIIl MHTEp(DEHC BU3yann3aluu JaHHBIX, COOPaHHBIX H
00paboTaHHBIX Ha (epMe. DTO JaeT BO3MOXKHOCTb IIPOBOJWUTH HATIISIHBIC YUCIEHHBIE JKCIIEPHMEHTH
KOMITBIOTEPHOTO MOJC/IMPOBAHUS U CPAaBHMBATh HMX C pEalbHBIMM JAaHHBIMH, MpeBpaiias depmy B
HHTEIICKTYalIbHYI0 HHQOPMAIHOHHYIO CHCTEMY MOUICPKKH MPHHATHS PELICHHUIT.

KuaioueBbie ciioBa: UHTEJUIEKTyaJlbHas I/IH(i)OpMaI_II/IOHHaSI CUCTEMaA, (bepMa JAHHBIX GoJbie JTAHHBIC,
06p360TKa JAHHBIX; BU3yalIn3alus JaHHBIX; KOMIIBIOTEPHOE MOIEIUPOBAHUE

Js uurupoanus: Jlesamkun C.II., MBanoB K.H., Kymykos C.B. ®epma naHHbIX: MH(pOpMALMOHHAS
cucrema cbopa, XpaHeHHst 1 00pabOTKH HECTPYKTYPHPOBAHHBIX JaHHBIX U3 PA3HOPOAHBIX HCTOYHHKOB. Tpy/ibl
HWCII PAH, Tom 35, BB 2, 2023 1., ctp. 57-72. DOL: 10.15514/ISPRAS-2023-35(2)-5

BaaropapHocru: ®depma naHHbIX Obula pa3paboTaHa B paMKax MerarpaHTa MHHOOpHayKH. ABTOpPBI
6maromapst komwter POAIl — BHUUTO® (Cuexunck) u UIIM um. M.B. Kemmpmma (Mocksa) 3a
COTPYIHHYECTBO.
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Abstract. The original information system «data farm» is presented. Today, the successful application of
artificial intelligence algorithms, primarily deep learning based on artificial neural networks, almost completely
depends on the availability of data. And the larger the amount of these data (big data), the better are the results
of the algorithms execution. There are well-known examples of such algorithms from Facebook, Google,
Microsoft, Yandex, etc. The data must contain both the training sample and the test one. Moreover, the data
must be of good quality and have a certain structure, ideally, be labeled in order for the learning algorithms to
work adequately. This is a serious problem requiring huge computational and human resources. This paper is
dedicated to solve this problem. Today data farm is a rather complex information system built on a modular
basis, similar to the well-known Lego constructor. Separate modules of the system are various modern
algorithms, technologies and entire libraries of artificial intelligence, and all together they are designed to
automate the process of obtaining and structuring high-quality big data in various subject domains. The system
has been tested on data of COVID-19 in regions of Russia and countries around the world. In addition, a user-
friendly interface for visualizing collected and processed on the farm data was developed. This makes it possible
to conduct visual numerical experiments of computer simulation and compare them with real data, turning the
farm into an intelligent decision support information system.
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modeling
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1. BeedeHue

ABTOMAaTH3MPOBAHHBIA cOOp, XpaHEHHE M CTPYKTYPHUPOBAaHHE Pa3HOPOIHBIX MAHHBIX SBISCTCS
OIHOW CaMBIX CIIOXHBIX NPOOJIEM B Tak Ha3bIBAeMOM «CIa0OM HMCKYCCTBEHHOM HHTEIUICKTE»
(CUH), To ecTh HMHTEIUIEKTE, OCHOBAaHHOM Ha JaHHBIX. Ee pelieHune NpencTaBiseT U3 ceOst
Cepbe3HyI0 MPoOIeMy, TPEOYIOIIYI0 OTPOMHBIX BEIYHUCIUTEIBHBIX M YEIOBEUSCKHX pecypcos. [lo
CHX TIOp ULl CTPYKTYPHUPOBAHMS U Pa3METKH JAHHBIX IPUMEHSETCS PYYHOH MM MHTEPaKTUBHBIN
pexuM. Mexay TeM, yCHemIHOe HPUMCEHEHHE AJITOPUTMOB MAIIMHHOTO OOYYCHHs, KOTOpBIE
SIBISIOTCS. OCHOBHBIMU B CUV, HeBO3MOXKHO 6€3 Iporiecca IpeaBapuTeIbHOM MOATOTOBKH TaHHBIX
[1]. Dro#t 3amaveil 3aHUMAIOTCS CIIEIMANMCTBI B Hayke o JgaHHbIX (data scientists) [2]. Llens,
KOTOpYIO TIpeclieqyeT IPEACTaBICHHAas B OTOW cTaThe (epMa IaHHBIX, MaKCHMAaIBEHO
aBTOMATU3UPOBATh JaHHBIH IpoLecc.

Xopomo wu3BecTHa KoHUenuus «depMmepcTBo naHHBIX» (data farming) u ero pasian4HBIC
onpenenenus. Hanpumep: @epmepcmeo 0aunbix — 3mo npoyecc uchoib308anus paspadomaHnHbix
BBIYUCTUMENLHBIX IKCHEPUMEHNO08 Ol  «8blpAUEAHUSL» OAHHBIX, KOMOpbvle 3amem MONHCHO
AHATIU3UPOBAMb C UCHONB308AHUCM CIIAMUCIUYECKUX MEMO0008 U Memo008 GU3YANUZAYUL, YMOObl
NOAYHUMb NPEOCMABIIeHUE O CLONCHBIX CUCMEMAX. Dmu Memoobl MO2ym Oblmb npuUMeHeHbl K 110001
soiuucaumensrou mooenu [3] unmu @epmepcmeo 0aHHbIX — MO MEMOO, 8 KOMOPOM UCNONb3YEMCs

MENCOUCYUNTUHAPHBITL ~ NOOXO00,  BKIIOUAIOWULE  BLICOKONPOU3BOOUMENbHbIE — BbIYUCACHUS,
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Modenuposanue U CUMYTAYUIO, A MAKdICe CMAMUCIUYECKUll aHATu3, NO3GONAIOWULL 2T1YOOKO

U3YUUMb MHONCECME0 60NPOCOE C MHO20YUCIEHHBIMU ANbInepHAmueam. Imo UHHOBAYUOHHbIL

Memoo MmujamenbHo20 U3y4eHUs HeOnpeoeNeHHbIX COObIMUL ¢ MHONICECMEOM NOMEHYUATbHBIX

pesynomamos. IIpo6oos mHozouuciennie HKCHepUMeHnbl, gepmepcmeo OaHHbIX NO380Aem HaAM

NOHAMb KAK O4eUOHble, MAK U HeACHble Ppe3yTbmamvl, MmeMm CAMbiM Npedocmagiss

cooepoicamenbible OMEentvl IUYam, RpuHuMarowum peutenus [4].

Hamra xoHnenmus ¢epMbl JaHHBIX 3aKII0YAaeTCs B TOM, YTOOBI Ha (pepMe BBIpALMBAHUE JAHHBIX,

HX XpaHEHHe, aHaIu3 ¥ BU3yalM3anus ObIIM CBE/ICHBI B SAWHYIO aBTOMAaTH3UPOBAHHYIO CHCTEMY,

MOCTPOCHHYIO IO MOJYJIBHOMY IIPUHIMIY KOHCTpyKTopa «Jlero». Ilpumuem, ciefyst MpHHIOUITY

«JIero», MBI MOXeM Kak coOpaTh 3TH MOMYIH, TaK M pa3o0paTk, IepeenaB ux, eClIi Pe3ybTaThl

paboTHI cHCTeMBI He OYAyT yIOBIETBOPUTEIBHBIMA. A HIMEHHO!

M1) mozxynp BbIpamuBaHus (OONBIIMX) JaHHBIX 3aKIIOYaeTcss B cOOpe NaHHBIX B KaKOH-TO
IOpeIMeTHONH 00JIaCTH M3 TeTepPOreHHBIX UCTOYHUKOB (B OCHOBHOM M3 ceru VHTepHeT) B
pexuMe peaabHOro BpeMeHu 24/7;

M2) Monynb XpaHeHHsl JaHHBIX — 3TO XpaHuwiuiie faHHbix B NoSQL 6aze MongoDB;

M3) MoxyTh aHaM3a JAHHBIX — 9TO IIpeABapHTeNbHAs 00paboTKa TaHHEIX, MX pa3sMeTKa, arperamus
1 BBIIa4a B hopmare yao6HOM JULs TPUMEHESHHS MAIIMHHOTO 00YYeHHS MM HHBIX aJTOPHTMOB
HCKYCCTBEHHOI'O MHTEIIEKTA;

M4) Mozynb BU3yalnM3allud JAHHBIX, COOpaHHBIX U 0OpabOTaHHBIX Ha (epMe — 3TO AAmOOpAH,
KOTOpBI  JJTaeT BO3MOXKHOCTh ~ IPOBOAUTH  HAIVIAJHBIC  YHCJICHHBIE BKCIEPUMEHTHI
KOMIIBIOTEPHOTO MOJIEIMPOBAaHMs U CPAaBHUBATH UX C PEaJbHBIMH JAHHBIMH, YTO HO3BOJIAET
MaKCHUMaJIbHO TOYHO BBIYMCIIUTE MM OLIEHUTh IapaMeTphbl TOH MM HHOH MOJiesIl KaKoii-nu6o
TIpeIMETHOH 00JIacTu.

OddexTUBHOCTS JaHHOTO MoAXoja OblIa MpoTecTHpoBaHa Ha AaHHBIX o COVID-19 u moneny,

paspaborannoit P®SL[ — BHUUT® Pocaroma B Mmerampoekre «MoJenupoBaHue SMUAESMHUN

BUPYCHBIX nH(peknuit». CTOUT TakxKe OTMETUTh, YTO NPEATOKCHHAs apXUTEKTypa (hepMbl JaHHBIX

YHHUBEpcalbHA U JIETKO MOXKeET ObITh aJJalTUPOBaHA K TI000H IPeaMETHOH 00IacTH.

IIponenanHblli aHAMM3 OTKPBITHIX MCTOYHMKOB MHGOpPMAalUM IO METOJaM M IPOrpaMMaM He

MO3BOJIMII BBIABUTH NIPOTrPAaMMHOE CPEACTBO, YAOBICTBOPAIONIEE BCEM OCHOBHBIM TPEOOBAHUIM K

pa3pabaTbiBaeéMOMy B JJAHHOM HAayYHOM MCCIECJOBAHHU NPOEKTY «depMa JaHHBIX», B KOTOPOM

ocymecTBisiercss c6op MHGOPMAINH M3 OTKPHITBIX HMCTOYHHKOB, a TaKkKe HPOTHO3UPOBAHHE
pa3BUTHS COOBITHH Ha OCHOBE COOPAHHBIX JAHHBIX MPH IIOMOIIN MaTEMAaTHIECKON MOJIEIH.

HauGonpmuii MHTEpEC M3 PACCMOTPEHHBIX CHUCTEM IIPEJCTaBJIIET HPOIPAMMHBIA KOMIUIEKC

AaBTOMAaTUYECKOI0 MHTE/UIEKTYalbHOTO cOOpa JaHHBIX U3 PAa3IMYHBIX MHTEPHET MCTOYHMKOB [5]

(OkcrieprMeHTaNBHBIH 00pa3el MPOrpaMMHOTO KOMITIEKCa «ABTOMATHYECKAsT HMHTEIUICKTyabHast

chucTeMa cOopa JaHHBIX M3 Pa3IM4YHbIX HHTepHeT ucTodHukoB» (DO IIK)), paspaboraHHbIi B

HanmonanbHOM IIeHTpe KOTHUTHUBHBIX paspaborox (HIIKP) — nenTpe KoMmeTeHIUuU

Harmonansholi Texnosornyeckoit uuunuatuBel (HTWU) na 06aze Yuusepcurera UTMO. On

obecreuuBaeT GpyHKIIMU CO3AaHUs 3a/1a4 cOOpa JaHHBIX, TECTUPOBAHUS 3a/1a4, CO3JJAHHS CLICHAPUEB

cOopa, 3aIlyCK CLIEHapHEeB JIOKATIbHO U B paclpeeIeHHOM pexkuMe. OH MOXeT OBITh UCIIOIb30BaH

JUIsL cO3aHus pa3nuyHbIX cucteM MoHuTopuHra. 0 IIK npenHa3HaueH Uit peteHus CleIyoIux

3a1a4:

— c0op MaHHBIX U3 Pa3IMYHBIX HCTOUYHHKOB;

— ofecrneueHre MOHUTOPUHTA B CETU UHTEPHET.

CuIbHOH 4YacCTBIO 3TOrO KOMILIEKCAa sBIAETCA yOOOHBIM MHTepdelic M MyIbTHKaHAIBHOE

UCIIONB30BAaHUE CO BCTPOCHHBIMH MEXAaHU3MaMH YIpPAaBIEHUS M KBOTUPOBAHUS (pa3IMYHBIC

unTepdeiicel moctyma). B3aumonelictBue omeparopa ¢ 90 IIK ocymecTBisierca MOCpeICTBOM

rpaHIecKoro Moyb30BaTeNbCKOro HHTepdeiica, 3arpyxaemMoro B npuioxenne Telegram myrem

MaHHUIYISIIHH oToOpaskaeMbIMH TpadudecknMu snmeMeHTaMi. C MOMOIIBIO 3THX MAHHUITYIISIAH
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TI0JTE30BATENb MOXKET OCYLIECTBIATE paboTy MO CO3IAHHUIO U 3aITyCKy CIIEHapueB cOopa JaHHBIX, B

paMKax KOTopbix obecrieunBaercs pyHnkuuoHanbHocts D0 K.

K HemocTaTkaM paccMOTPEHHOTO ITaKeTa IPOrpaMM MOKHO OTHECTH:

— CTPOr0 WHTEPAKTUBHBIA PEXXHUM PabOTHI CHCTEMBI, KOTOPBIH MpeaIoiaraeT BHICOKHH YPOBEHb
PY4HOI paboTs!I omepaTopa U TpedyeT ero COOTBETCTBYOLIel KBanu(puKanuy;

— BECbMa OrPAaHMYCHHOC FHCIOJF30BAaHUE COBPEMECHHBIX HH()OPMAIMOHHEIX TEXHOJIIOTHH U
HCKYCCTBEHHOTO HMHTEIUIEKTA: HENOCPEICTBEHHO HHTEp(eic CHCTEMBI NMPEACTABISET COOOH
telegram-npuiiosxeHue (1o cyTH 310 telegram-00T, BEIyIIHil «IHAIOr» C OIIEPaTOPOM);

—  OTCYTCTBHE KaKHX-THOO IPUMEPOB COOpaHHBIX CUCTEMON JaHHBIX;

—  OTCYTCTBHUE CpPeICTB 00paboTKH (arperarys, pa3MeTka) COOpaHHBIX JaHHBIX;

—  OTCYTCTBHE BO3MOXXHOCTHU IIPUMEHEHHUS CPEACTB AV IPOTHO3UPOBAHUS Ha OCHOBE COOpPAaHHBIX
JTAHHBIX.

3amernM, 4TO Bce 3T HepocTaTku oTcyTcTBYIOT B DO IIK «depma naHHBIX».

Cpenu 3apyOexHBIX pa3pabOTOK cTOUT oTMeTuTh BrandWatch — sto miardopma moHuTOpHHTA

COLMANIBHBIX CeTel, KOTopas mpocMmarpuBaeT B MHTepHeTe OT3BIBBI, CTATbU M OOCYKICHHMSI.

Kommnanus 3a/ieiicTByeT aHa M3 HACTPOCHHH Ha OCHOBE NpaBui [6]. B o01iem, moaxo/ KoMnaHuy —

9T0 cOop M 00pabOTKa NAaHHBEIX, WX (QHIbTpauus, o0paboTKa W BH3yaJM3auusd Ui KOHEYHOTO

IOJTE30BATEIIS.

VYIoMSHYTEIE BBIIE KOMIIAHHHM HE PAacKPHIBAIOT HH(OPMAIMIO O TOM, KakHe NpOrpaMMHBIC

KOMIUIEKCHI OHH UCIIOJB3YIOT, €CIIM PEYb HIET O NPUMEHEHUH MAlIHHHOTO 00yJYeHHS I aHaIn3a

JTaHHBIX. B cBOeM OONBIIMHCTBE, HCIOJB3YIOTCS OMPOCHI KaK depe3 crienraibHble (OPMBI, Tak U ¢

noMouiplo TenedoHHbIX 3BOHKOB. HamOonee Onm3koil koHuenuueil B Iuiane cOopa JaHHBIX

obnanaer oreuectBeHHbIH yHuBepcurer UTMO, a mo cBoeil oOIel KOHIENIUM Hama cHcTeMa
umeer Oosble obmero ¢ 3apyoexHoit BrandWatch.

Kpome Toro, HaM HEM3BECTHBI M IPYTHE aHAJIOTU pa3paboTaHHOI CHCTEMBI, YTO HMOATBEPKIAETCS

MTPOBEICHHBIM HAMHU MATEHTHBIM MIOMCKOM [ 7] M OT3bIBAMH DKCIIEPTOB Ha HAIIH myOsukaiwH [8-10].

Jlpyrue paszmensl CTaThbU YCTPOEHBI CHEIyromMM oOpa3oM. Paszn. 2 comepXuT TexHHYECKHe

TpeOOBaHMA K pea3alliii IPOrpaMMHOT0 KoMIuiekca. B pasn. 3 omumcansl apxutexTypa depmbl

JIAHHBIX, ¢ MoAyId M (yHKImoHanbl. CTaThIO 3aBEPLIAIOT BBIBOXBI, CIIENAHHBIC HA OCHOBAHHHU

HCCIICIOBAHNS, CIIMCOK JIUTEPATYPHl M MH(pOpMAaLys 00 aBTOpax.

2. TpeboeaHus Kk peanusayuu NPo2pPaMMHO20 KOMII/IeKkca «ghepma OaHHbIX»

IMpu peamusamuu mporpamMmHoro komuiekca ¢epma nansbix (IIK®J]) B kadecTBEe OCHOBHBIX

KJIIOYEBBIX YCIOBHI ObLIN C(HOPMYIUPOBAHEI CIEAYIOIIHE:

e paszpabarbiBaemblii [IK®J] nomkeH MO3BONATH OCYLIECTBIATH IOWCK, HW3BJICUCHHE H
obHoBIEHHE TpeOyromelics wuHGopManuu B 3agaBaeMbIX (opMmaTax M C 3aJaBaeMoi
HEePUOJUIHOCTHIO;

e pazpabarbiBaemblii [IK®J[ HeoOXoaumo peanu3oBaTh Ha NPUHIMIAX MAaKCHMAIIBHOTO
HCIIONB30BaHUSA OTKPBITOrO IPOrPAMMHOIO 00ECIICUEHHS;

e XxpaHwuuie JaHHbIX co3zgaBaemoro [TK®J] nomkHo obecrieunBaThCs MPOrpaMMHON Cpenoi
cucrembl ynpasineHus 0a3oit nanubix (CYB/);

e JIK®Jl pmomkeH OBITh MAacCIITAOUPyEeMbIM, HMETh MOAYJIBHYKO CXEMy, MOXET OBITh
MPUMEHEHHBIM B JIIOOBIX IPEIMETHBIX 00IaCTAX.

B cnenyromem pasznene cratbu npeactasiensl onucanue [IKD /I, ero koMoHeHTHI M IpUMEHsIEMble

METOIBI, TO3BOJIAIOIINE COOUpaTh, 00padaThIBaTh U XPAaHUTH JaHHBIC H3 OTKPHITHIX HCTOYHUKOB B

aBTOMAaTHUYECKOM peKUMe. A Takke pe3yIbTUPYIOIIas BU3yalu3alys CpeACTBAMH HHTCPAKTHBHON

AHAIUTUYECKOM MaHeNu.
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3. Apxumekmypa ghepmMbi OaHHbIX

Lenp pa3paboTku IPOrpaMMHO-MHCTPYMEHTANbHOI CHCTEeMBI «(hepMa JaHHBIX)» HAIpaBlIeHA Ha
CO37aHKe TEXHUYECKHUX pelIeHuH (cM. paszgen 2) it GOpMHUPOBAHUA JUHAMUYECKUX 0a3 JaHHBIX.
CucremMa OCyIIECTBISIET IIOMCK U U3BICUCHHE HH(OPMAIMU M3 CTPYKTYPUPOBAaHHBIX U
HECTPYKTYPUPOBAHHBIX HCTOUHMKOB, HCIONB3YS TEXHOJOTHMM HMCKYCCTBEHHOTO HHTEIIIEKTa U
00paboTKH OONBIIMX AAHHBIX. JTO MO3BOJIAET IMONYyYHTh NOCTATOUHBIE O0BEM pEICBAaHTHOU
“HpOpPMAIMU IS HOJAEPXKKU MOJENEH, CO3JaBacMbIX B PaMKaX KOMIIIEKCHOTO IpPOEKTa B
OIpe/esIeHHON IMpeaMeTHOH obnactu, Hampumep, B chepe COVID-19 [9]. OxHO u3 TIaBHBIX
TIPENMYIIECTB Pa3pabOTaHHOH CHCTEMBI SBISIETCS BO3MOXHOCTB OBICTPOTO pa3BepTHIBaHMS cOOpa,
XpaHeHns! 1 00paboTKM JaHHBIX Ha ocHoBe Open-Source KOMIOHEHTOB, PA0OTAIOIIUX B PEKHME
peansHOTO BpemeHn 24/7. [Tomnmo 3TOro, cucTeMa I03BOJISET MONTYJaTh OIOBENICHHS O padoTe
yepe3 MecceHmKepsl. OHa SBIAETCS MOIYIBHOH M IIO3BOJSAET JIETKO 3aMEHSTh KOMITOHEHTHI.
brnaromapst 3ToMy, CHEKTp MTPUMEHEHHS CHCTEMBI OYeHb MIMPOK, TaK KaK €€ MOXHO aJ[alTHPOBATh
UL CTPYKTYpUPOBAHUS OONBIINX JaHHBIX B 000 MpeaMeTHOl o0nacTu.

1 2 3
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XpaHunuwe
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Pacnucanue pabotsl
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Puc. 1: IIpunyunuanvrasn cxema pabomsl npoepammuozo komniexca gpepma oannvix (IIKP/)
Fig. 1: Operational scheme of the data farm software package (DFSP)
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B ocnoBy IIK®/] nernu ciegyromue mporpaMMHbIE KOMIIOHEHTHI:
e Ubuntu server 20.4.01 LTS;

e MongoDB 4.4.1;

e (Conda4.9.0;

e Jupyter-notebook 6.0.3;

e Python 3.9.5;

e PyTorch;
o TensorFlow;
e NLTK;

e u apyrue [8-10].

OTMeTHM HEKOTOpble IpeumyiiecTBa MongoDB, xoropsle 00ycnoBUIIM BHIOOP B MONB3Y 3TOrO
NoSQL xpaHunuma J1aHHBIX:

e  JIeTKas MacIITaOupyeMOoCTb;

e ruOkas cxema J00aBICHHs JOKYMEHTA;

e xpaHeHwue JaHHbBIX B popmare JSON;

®  BO3MOXXHOCTb I'TyOOKHX 3aIIPOCOB.
I'maBHBIE IIpoIIECCH, IPEICTABICHHBIC HA pHC. 1:

® IIOJKJIIOYEHHE K pecypcy — obecrieunBaeT (GpyHKIMOHAI MOIKIIOYEHNUS K PECypCy JaHHBIX IO
Pa3IMYHBIM IIPOTOKOJIAM KaK B MHTEPHETE, TaK M IOAKIIOYEHHE K IPYTHM 0a3aM JTaHHbIX;

L4 ayTCHTI/I(bI/IKaHI/Iﬂ — obecrieyrMBaeT MeXaHU3MbI 0€30ITIaCHOCTH IIpyu NOAKJIOYCHUH, TAKUEC KaK
XpaHEHUE U TPEAOCTABIICHHUE naponeﬁ nu KJ'I}O‘ICFI;

® [IOJyYCHHE JAHHBIX — MEXaHHU3M ONpoca Ul CHHXPOHHBIX M ACHHXPOHHBIX HCTOYHHUKOB
JIAaHHBIX, TaKeTHast 00paboTKa;

o IIPOBEPKa JaHHBIX HA HEJIOCTHOCTh — o0ecreunBaeT KauecTBO TIOJTYYCHHBIX JaHHBIX.
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Puc. 2: Cmpyxkmypa oupexmopuii npoepammnozo komniexca gpepma oannvix (IIKD/])
Fig. 2: Directory structure of the data farm software package (DFSP)
Kpome toro, B padote I[IKD]] yuutsiBatoTcs:
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L]
e uMmnopt 6ubauorex Python;
L]
H T.IL);
L]
L]

“H(pOpMaIMs B KOMMEHTapUsIX O pecypce JaHHBIX;

COXpAaHCHUEC NAaHHBIX B IUPEKTOPUIO BPEMEHHOI'O Pa3MEIICHU A

HX B OCHOBHOE XpaHuiuiie MongoDB.

CIIeIMaIbHbIE IPe0Opa30BaHKs JaHHBIX (OYUCTKA, HOHWKEHUE PAa3MEPHOCTU, BOCCTAaHOBICHHE

BBI30B (DYHKIWH M yKa3aHHE ITapaMeTPoOB A1 00paOOTKH JAHHBIX Iepe]] TeM, KaKk IOMECTUTb

Crpykrypa qupexropuii IIK®/] Ha ynaneHHOM cepBepe, IPEACTaBICHA HAa PUC. 2:
Ha puc. 3 nokaszana neransHas MomyibHas ctpykrypa IIK®/I. [IpuHmns! opraHu3anuy Mojeneit
¥ uX (QYHKIHMOHATbHOEC HA3HAUEHUE OMHCBHIBAIOTCA B CIIEAYIOMUX MOAPa3enax CTaTbu.
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Puc. 3: Mooynu npoepammnozo komniexca gpepma oannwix (IIKD/])
Fig. 3: Modules of the data farm software package (DFSP)

3.1 Mogynb cbopa gaHHbIX

Msb! ucnoms3yeM eAUHBIH IHOAXod K cOopy faHHbIX. OH 3aKiIo4yaercs B CTaHIApTHU3ALHU
HCIIONB3yEeMBbIX (DYHKIUH, KOTOPbIE MOTYT OBITh NMPUMEHHMBI K Pa3IMYHbIM HCTOYHHKAM. Takoit
MIOAXOJ HO3BOJISAET OBICTPO HOOABIATH CKPUIITHI U1 paHEee He PACCMaTPUBAEMBIX PECYPCOB, a TAKXKE

HC BbBI3bIBACT 3any}1HeHPII7I B pa60Te KOMaH/ibl, TaK KaK B IIPOLECCE UCMOJIb3YIOTCA OAUHAKOBLIC

HaMMEHOBAHUS U KOHCTPYKIMH Koxa. Kpome Toro, npumeHstoTcs obmue (ainbl HaCTpOHKU It

OInpeACIICHUA ,I[HpeKTOpI/Iﬁ XpaHC€HUA JAaHHBIX, YTO ITO3BOJIACT YIPOCTUTH KOJA CKPHUIITOB, a TAKXKE

TIpU HEOOXOJUMOCTH YCKOPHTH IIPOLIECC EpEHOca CHCTEMBI Ha ApyTHe miaThopmsel (Puc. 4):
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1# Common path download data

2main_path = '/home/user/Project/'

3 download_path = main_path + 'Data_cache/'

4 download_path_fast_test = download_path + 'Fast_test/'

5logs_path = main_path + 'Logs/'

6 token_vk_download = main_path + 'Work/download_data/module_for_scripts/access_token.txt'
7

8# StopCoronaVirus - download separately

9 StopCoronaVirus = download_old_path + 'StopCoronaVirus/'
10

11# GOGOV.RU - download separately

12 Vactinations = download_old_path + 'Vactinations/'

13

14# Covid-19 test data St. Petersburg - download separately

15Covid_test_RU_SPE = download_old_path + 'Covid_test_RU-SPE/'

16

17 # --- Actual data acquisition scripts (as well as reworked old versions of scripts) ---
18 # Statistical information (Stop corona virus / Gogov and some more)

19

20 Stop_corona_virus = download_path + 'Stop_corona_virus/'

21 Gogov = download_path + 'Gogov/'

22 Yanstat = download_path + 'Yanstat/'

23 Stop_corona_vaccination = download_path + 'Stop_corona_vaccination/'
24 Stop_corona_restrict = download_path + 'Stop_corona_restrict/'
25Stop_corona_russia = download_path + 'Stop_corona_russia/'

26

27 # --- VK operational headquarters ---

28# --- Information in unstructured text form ---
29

30# Camapckas obnactb (Xuryn&sck, HosOKyWbhwesck, Camapa, Cb3paHb, TonbaTTH, Yanaesck)
31 # Samara region (Zhigulevsk, Novokuibyshevsk, Samara, Syzran, Tolyatti, Chapaevsk)
32 VK_RU_SAM = download_path + 'VK_RU_SAM/'

33

34# Antaunckuu kpau (BapHayn, Buiick, Hosoantaiick, Py6uosck, Benoropck)

354# Altail Territory (Barnaul, Biysk, Novoaltaysk, Rubtsovsk, Belogorsk)

36 VK_RU_ALT = download_path + 'VK_RU_ALT/'

Puc. 4: ®paemenm ¢haiina xougueypayuu oupexmopuii
Fig. 4: Fragment of the directories configuration file

Ha puc. 5 mnpencraBiensl pecypc naHHbIX Novel Coronavirus (COVID-19) Cases Data
yHuBepcutera [Ixxona Xonkunca 1 QR xox cepuiky Ha ncrounuk. Ha nuctunre 1 npuBeneH ckpunr
HOJIy4YeHHs AaHHBIX U3 3TOI0 UCTOYHUKA.

Novel Coronavirus (COVID-19) Cases Data

This dataset is part of COVID-19 Pandemic

d b topkin ‘@’,k\w\\Hm'ur\\ S,
. o < ———

2 Oal 2 wtact the contributor

Puc. 5: Hcmounux oannvix: Novel Coronavirus (COVID-19) Cases Data ynusepcumema [oicona Xonkunca
Fig. 5: Source data: Novel Coronavirus (COVID-19) Cases Data from John Hopkins University

from hdx.api.configuration import Configuration

from hdx.data.dataset import Dataset

from connect import connect

from makedir import makedir

from clogs import set log

from copyrate import cops

from check size import checking

from config import *

W J o U W N

O

from rewriting import rewrite
from check import checks

o e
[ SIS

log = log_conf

=
=W

director = jhu
directory = director + 'Data/'

[
&~ o
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16 directory backup = director + 'Backup/'

17

18 Configuration.create (hdx site='prod', user_agent='A Quick Example',
hdx read only=True)

19

20 def save(source, direct):

21 dataset = Dataset.read from hdx (source)

22 resources = dataset.get resources(

23 for res in resources:

24 url, path = res.download(folder=direct)

25 print ('Resource URL %s downloaded to %$s' % (url, path))

26

27 query dataset = 'https://data.humdata.org/dataset/'

28 query dataset url = 'novel-coronavirus-2019-ncov-cases'

29 name source = 'jhu'

30 set_log(log)

31

32 if connect(query dataset+query dataset url, name source, log) == True:
33 makedir (directory)

34 makedir (directory backup)

35 before size = checking.size change before(directory backup)

36 rewrite (directory)

37 save (source=query dataset url, direct=directory)

38 after size = checking.size change after (directory)

39 if checking.final comparison(before size, after size, name_source)
== True:

40 if cops(directory, directory backup, name source) == True:
41 checks (director, directory backup)

Jlucmune 1: Cxpunm nonyuenus oannvix ¢ Novel Coronavirus (COVID-19) Cases Data ynueepcumema
[oicona Xonkunca

Listing 1: The script for obtaining data from Novel Coronavirus (COVID-19) Cases Data of Johns Hopkins
University

Jnst orciaexuBaHus OMUOOK B MOAyse cOopa JaHHBIX 3aJeHCTBOBAHO JOrHpoBaHue. B nor daiin
MIOCTYyIAeT Bes KIIIoueBas nH(popMarus o paboTe TOro Wi HHOTO CKPUITa (puc. 6).
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3847 2023-04-11 = 00:40:02 = WARNING = stop_corona_russia = source is working

3848 2023-04-11 = 00:40:02 = WARNING = stop_corona_russia = successful download of updated data
3849 2023-04-11 = 00:40:02 = WARNING = stop_corona_russia = backup completed successfully

3850

38512023-04-11 = 00:50:02 = WARNING = stop_corona_vaccination = source is working
38522023-04-11 = 00:50:02 = WARNING = stop_corona_vaccination = downloading data without updating
38532023-04-11 = 00:50:02 = WARNING = stop_corona_vaccination = backup completed successfully
3854

38552023-04-11 = 01:00:01 => WARNING => stop_corona_virus = source is working

3856 2023-04-11 = 01:03:50 = WARNING = stop_corona_virus = successful download of updated data
3857 2023-04-11 = 01:03:50 = WARNING = stop_corona_virus = backup completed successfully

3858

3859 2023-04-11 = 10:12:04 => WARNING = jhu = source is working

3860 2023-04-11 = 10:14:46 = WARNING = jhu = downloading data without updating

38612023-04-11 = 10:14:46 => WARNING = jhu => backup completed successfully

Puc. 6: Ppazmenm ¢haiina no2uposanus CKpUNMos NOILyUeHUs OAHHbIX

Fig. 6: Fragment of the log file for data acquisition scripts
AmHanmzarop (ailyioB JTOTHPOBaHUS OIOBEINAeT 00 OMMOKaX NPH 3arpy3Ke NaHHBIX, YTO BECbMa
aKTyaJIbHO NpH cOOpe HHTEepHET-TaHHbIX. COOOIIEHNS OTHPABISIOTCS KaK Ha IEKTPOHHYIO TOUTY
anmunucTparopa [IK®JI, tak u B ero Telegram kaHan. ITockoJbKy cucTeMa MpeaycMaTpUBaeT
BO3MOXHOCTH pacIIupeHus 1 100aBIeHHs HOBBIX Pa3pabOTUYNKOB K MPOEKTY, B aHAIU3ATOP MOXKHO
JOOABIATE HEOTPaHMYEHHOE YHCIO JIMI U MONydeHHs HHGOpMamuu O paboTOCIIOCOOHOCTH
cucremsl coopa nanusix (Puc. 7).
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Message from the server log download data analyzer

All the download data scripts worked successfully

Puc. 7: ITocmynienue coobwjenus om ananuzamopa Gainos 102upoeaniisi cucmembl
Fig. 7: Message from the system of log file analyzer

3.2 Moaynb xpaHeHUs1 AaHHbIX

Jlns opraHu3anuy XpaHWIUIIa TaHHbIX (data warehouse), ncrons3yercst MongoDB — nokymeHTHO-
OpPMEHTUPOBAHHAsA CHCTEMa YNpaBIeHUs 0a3aMM JAHHBIX C OTKPBITBIM HCXOIHBIM KOJOM, HE
TpeOyromas omnucanus cxeMbl Tabmui. 910 NoSQL 6a3a maHHBIX, KoTopast ucroybs3dyer JSON-
MO00HbBIE JIOKYMEHTHI W TIPeIOCTaBIseT JIpaiBepbl M MHCTPYMEHTHI JUISI B3aHMOJCHCTBHS C
XpaHUIHIIEeM JaHHBIX MongoDB, ucnons3ys pa3muuHbIe S3bIKH IPOrPAMMHpPOBAHHSA, TaKHe Kak
Python, JavaScript, Java, Go u C#. [IpuMep JOKyMEHTa, KOTOPBIH MOXeET coxpaHsaTs MongoDB,
noka3aH Ha muctuHre 2. Taxoke ucnonb3yercs Pymongo — opunuansaas 6ubmmorexa Python st
B3auMojeiictsus ¢ MongoDB, kotopas paboraer Ha Python 3.9.5.

Dashboard ver 3> db.russia lang eng.find() .sort({"Date": -1}).limit (1)

[

~id: '13719700186478753932",
Date: ISODate("2023-03-27T00:00:00.0002Z"),
'Confirmed WHO': O,

'Deaths WHO': O,

'Recovered JHU': 0,

'Daily confirmed WHO': O,

'Daily deaths WHO': O,

'Daily recovered JHU': O,
'"Confirmed': 22595199,

'Deaths': 397109,

'Mortality percent': 0.01,
'Recovered': 21946453,

'Infected on date': 251637,
'Daily confirmed': 8989,

'Daily deaths': 31,

'Daily recovered': 8160,

hash row: '14139009034644559760"

]

Jlucmune 2: Ipumep ookymenma ¢ MongoDB

Listing 2: An example of a document stored in the MongoDB

Pabota ¢ 6a3oit MongoDB mnpemnycMaTpuBaeT HE TOJBKO HCIIOJIb30BAaHHE BCTPOCHHON KOHCOJIH
mongoshell, HO 1 MOIyTBHBIC CKPHUITHI IS MOTYyYCHHUS JTaHHBIX C Pa3IMYHEIX PECYpcoB (IIpHMEp
CKPHMIITa IPUBEJICH Ha JIMCTHHTE 3.

1 from config import *

2 from makedir import makedir

3 from tools mongo import *

4 from tools_aggregation import *
5 from clogs import set log
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6 import logging

7

8 log = log_conf agg

9 set_log(log)

10 type agg = name db_add world

11 database = dashboard database ver_ 3

12 address = dashboard_address

13

14 list csv_path = find final csv(aggregated final + world path)

15 start quick save 2(type agg, list csv_path, database, address,
key for update='_id'")

Jlucmune 3: Ipumep ckpunma ona dobaenenus oannvix 8 MongoDB

Listing 3: Example of a script for adding data to MongoDB

3.3 Moaynb 06paboTkn JaHHbIX

IIpouecc arperanuu JaHHBIX pacCMaTpHUBaeTCs Kak IpeABapUTenbHas 00padoTka. OH 3aximoyaercs

B CJIE/IYIOLIEM:

e arperanus JaHHBIX U3 NPEABAPUTEIBHOTO XPAHUININA, cOOp OJMHAKOBBIX JAHHBIX U3 Pa3HBIX
HCTOYHUKOB,;

e TpoOBepKa LEIOCTHOCTU AAHHBIX — IPOBEpKa U 00pabOTKa HEJOCTAIOUIMX, AyOIUPYIOIIUHCS
JJAHHBIX, IPOBEPKa OMHUOKU (hopMaTa JaHHBIX,

° NpUBEACHUE 3HAYCHUM K 06I_III/IM HanMMCHOBAHUAM, JIOKAJIHU3aUA 3Haqun171, Z[068.BJ'ICHI/IC
KOOpAHHAT,

e coxpaHeHue B MongoDB — pa3melieHne B OCHOBHOM XPaHUIIHILE;
e pacmucaHue paboThI — 3ayCK CKPUIITOB JUIS IOTy4YEeHHUs JaHHBIX;
Ha nuctunre 4 npoieMOHCTpUPOBaH IpUMEpP OAOOHOTO CKPHUIITA.

from config import *

from makedir import makedir
pd.options.mode.chained assignment = None
from tools aggregation import *

from tools mongo import *

from clogs import set log

import logging

log = log conf agg

set_log(log)

W ~Joy U WN -

e

10

11 covid city name = 'covid city.csv'

12 covid city = raw data + 'covid city/'

13 covid city final = raw data + 'covid city/Final/'

14

15 os.chdir (covid city)

16 extension = 'csv'

17 filenames gogov_data = [i for i in
glob.glob('*.{}'.format (extension)) ]

18 subset columns_covid_city = ['date', 'city name']
19

20 comb_file(name_combined file=covid city name,
directory rebuild=covid_city, directory final=covid city final,

subset columns = subset columns covid city, key='date')

21

22 df0 = read from source(path_ file=covid city final + covid city name)
23
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24 df0 = dfO.drop_duplicates(subset=['date', 'city name'], keep='first')
25

26 ru coordinate = raw data + 'city coordinate/koord russia.csv'

27 dfl = pd.read csv(ru coordinate, encoding='cpl251', sep=';")

28

29 dfl = dfl.rename ({'Topon': 'city ru name'}, axis=1)

30

31 st = df0O.merge(dfl, left on='city ru name', right on='city_ru name',
how="'left")

32

33 st = st.drop(columns=['region_ru name', 'region name', 'city name'])
34 st = st.rename ({'Permon': 'region', 'demepaJsbHBHIN OKPYT':
'federal district', 'lat': 'latitude dd', 'lng': 'longitude dd',
'city ru name': 'city name'}, axis=1)

35 st[['area', 'latitude dd', 'longitude dd']] = st[['area',
'latitude dd', 'longitude dd']].astype('string')

36 st['area'] = st['area'].str.replace(',"', '.")

37 st['area'] = st['area'].str.replace(' ', '")

38 st['latitude dd'] = st['latitude dd'].str.replace(',"', '.'")

39 st['longitude dd'] = st['longitude dd'].str.replace(',"', '.")
40

41 st[['city name', 'region code', 'region', 'federal district']] =
st[['city name', 'region code', 'region',

'federal district']].astype('string'")

42 st[['area', 'latitude dd', 'longitude dd']] = st[['area',
'latitude dd', 'longitude dd']].astype('float')

43 st[['mask', 'gloves']] = st[['mask', 'gloves']] .astype('bool'")
44 st['date'] = pd.to datetime(st['date'], format='S$Y-%m-%d')

45

46 hash_rows = pd.util.hash pandas_object (st, index=True) .values
47 hash_rows = pd.DataFrame (hash_rows, columns =['hash row'])

48 st = st.join(hash rows)

49 st['hash row'] = st['hash row'].astype('string')

Jlucmune 4: Ipumep ckpunma azpezayuu ons 06veounenus CSV oannvix COVID-19 no eopooam
Poccuiickoi edepayuu, dobasiieHuem KOOPOUHAM, HACMPOUKOU MUN08 OAHHLIX 8 CMOAOYAX U 000a8IeHUEM
uoenmugpukamopos

Listing 4: An example of an aggregation script for combining COVID-19 CSV data for cities in the Russian
Federation, adding coordinates, setting up data types in columns, and adding identifiers

Kpome Toro, mpu 3amycke CKPHUIITOB HCIOJb3YeTCs CHCTEeMHBIH cepBuc Cron Juisi KOHTPOJIS
BpeMeHH HX paboTsl (puc. 8):

# Aggregation

0 3 */1 * * /home/user/anaconda3/bin/python3 /home/user/Project/Work/aggregation_data/RU_AMU.py >
10 3 */1 * * /home/user/anaconda3/bin/python3 /home/user/Project/Work/aggregation_data/RU_ALT.py
20 3 */1 * x /home/user/anaconda3/bin/python3 /home/user/Project/Work/aggregation_data/RU_KEM.py
30 3 /1 * x /home/user/anaconda3/bin/python3 /home/user/Project/Work/aggregation_data/RU_CHE.py

Puc. 8: 3anyck ckpunmos azpezayuu no ezisceonesHoMy pacnucanuio
Fig. 8: Running aggregation scripts on a daily schedule
Monyne 00pabOTKU €CTECTBEHHOTO f3bIKa COOHMpaer, coXpaHseT M 00pabaThIBaeT TEKCTOBBIC
JIAaHHBIE U3 COLMAJBHBIX ceTed, Takux kak VKontakte, Twitter, Telegram u ap. OTOT MOIYNb
HACTPOCH TaKUM 00pa30M, YTOOBI BHIYMCIUTH MM OLICHUTH ITapaMeTpbl MOJICIIH, pa3padoTaHHO! B
KOHKPETHON IpeaMeTHOH o0nacTH. B HamreM citydyae, mpeaMEeTHOH 00ONacThio OBUIM JAHHBIC 11O
COVID-19. IpumMep UCX0aHOM 3anucH 00pabaThiBaeMbIX JaHHBIX MpecTaBlicH aanee (puc. 9):
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7 oKTREPA B perHoHe NoaTeepaeHo 644 cny4as HOBOM KOPOHIBMPYCHOA HHDEKYMK: - 248 B 1. camapa - 113 B ©. TONLATTH - 26 B [ HOBOKYWBHIWEECK - 23 B L oTPadHuA - 2161
KuHens - 16 B HedkTEropckom paioHe - 16 B T CuiapaHs - 12 B KMHeNb YEpKacCkow pafioHe - 12 8 cepruesckom paiiowe - 11 8 Bomwckom paiione - 10 8 r yanaesck- 9 &
KPACHOAPMENCKOM PaioHe - 9 B CTABPONONECKOM PAROHE - § B np) paione - 7 B an paioHe - 7 B KHENECKOM PAAOHE - T B KNABMHHCKOM paioHe - 7 B
KOLIKWHEKOM PAafoHe - 6 B NOXBMETHEBCKOM DAROHE - 6 B GOMBLIETNYLWHLKOM PAR0HE - 6 B GOraTOBCKOM PaAiOHE - 6 B T NOXBUCTHEEO - 5 B UCAKIMHCKOM DAROHE - 5 B NECTPABCKOM
panoHe - 5 & 5OPCKOM PAHOHE - 5 B I WIYMEECK - 5 B [ OKTAOPLCK - 5 & XEOPOCTAHCKOM PANOHE - 4 B DONBLUBYEPHHIOECKOM PAHOHE - 4 B YSMHO-BEPLIMHCKOM padoHe - 3 B

P p paitone -3 8 pafoHe - 3 B ENXDBCKOM PAMOHE - 2 B KAMBILNHHCKOM PaioHe - 2 B Ge3eHIYKCKOM DAROHE - 1 B WEHTANMHCKOM DAWCHE - 1 B ChIIPaHCKOM
paiione @612 venoser c w open; g 32 yenosera ELIRENEHO NPH NPOMUNAKTHHECKOM 0SCNEN0EAHHN ML, HE HMEHWIX
KNNHHYECKHX NPORENeHNi. [S]HapacTamowmm HTorom & pernore sadurcuposano 109622 cnysas FOPOHAEHPYCA. CRORUAMKCE 4048 yenoBex , B TOM YWCNE XeHlWwwHel 60, 60, 60
81, 87, 67, 64, 84 neT. MYELMHED 73.78 neT, CTpajaBlne CEPAEUH: TOM CUCTEME!; Ly 58, 62, 34 net, myxuuna 81 roga. cTpagaswme

sabon 0l ¥ SHAOKDI cucTew: MeHwrLl 72, 78, 78, 79, 79, 79, 81, 83 neT: MyrumnHel 55, 59 net MenwmHa 67 NeT, cTpagasluan sabenesatnem
cemmnu{ocy,qncron CHCTEM!, OHKOMOTMHECKAM 3a50N8EaRNEN; KeHIMHE! 72, 85 NeT, CTRAfaEWKe $aBonesaHAMK CEP84HO-COTYAVCTON CHETEME! W OPraHOE AIXHHA
My*HAHa 58 ner, €T zab ; MY¥4WH3 67 NeT, cTpaaaBwWwHA 3a5oNesalnem NHLIEEAPHTENEHON CHCTEME!, NOKA3aTeNk CMEPTHOCTH Ha 100 ThiC.
HACEMEHWA B 08NacTh - 126,78, no cTpane - 146.27. Ko3DDUUMEHT NETaNbHOCTH B 0BnacTk - 3,69, B cTpane - 2,78. ¢ nposeaeko NaBopaTOPHLIX MCCNEA0EARMA HA KEM 33 CYTKK
— 14432, napacTaowum nTorom 3741448,

Puc. 9: [Ipumep nonyvennoii 3anucu u3 epynnuvl onepamugnozo wmabda BKonmaxme no Camapckoii obracmu
Fig. 9: Example of a record received from the VKontakte operational headquarters group for the Samara

region

city infected_city pneumonia_ARVI death_rate_per_100_thousand_population_region death_rate_per_100_thousand_population_country without_clinical_manifestation
date
01-
01- camapa 127 258 19.35 39.42. 45
2021
01-
04- camapa 80 189 3467 87.97. 30
2021
01-
05- camapa 74 145 4735 75.69. 15
2021
01-
06- camapa 18 64 61.35 8347 8
2021
01-
07- camapa 41 32 1.75 6.53. 19
2020

Puc. 10: @pazmenm nonyuennozo Habopa OaHHbIX C UCHONB30BAHUEM MEMOO08 06pabomKU ecmecmeeHHo20
A3bIKA
Fig. 10: Fragment of the obtained dataset using natural language processing methods

Mogynu cBopa 1 0GpaboTku "Oepmsl
AaHHBIX"

Mogaynu susyanusauum "®epma
Data Collection and Processing faHHbIX"
Modules for “Data Farm"

Data Visualization Modules for "Data
Farm”

l

NokansHsli cepeep sed-
NPUNOKEHUA BU3yanu3aLmm

Local Web Application Visualization

Server
BHYTpeHHAR BHewHAs
Gasa Gaza
AaHHbIX [faHHbIX I
Internal External Beb-cepsep NGINX
Database Database

NGINX Web Server

I

https:/lab-ai.ru/dashboard

Puc. 11: Apxumexmypa euzyanusayuu OaHHbIX
Fig. 11: Data visualization architecture
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3.4 Moaynb BU3yanusaumm gaHHbIX

Busyanusanus JaHHBIX IIpPEACTaBICHA B BHIE JambOpAa, MO3BOJLIONIETO AaHAIM3UPOBATH M
cpaBHUBATh cOOpaHHbIe 1 00paboTaHHbIe JaHHbIE 0 Xo/e 3a0oseBanuss COVID-19 B crpanax mupa
u peruoHax P®. YHUKaIbHOCT BU3yaIU3allMi COCTOUT B TOM, UTO IPEACTABICHHBIE Ha AamOopae
pe3yNbTaThl MCCIEIOBAHHMA IO3BOIIOT TOUHYK) HACTPOMKY psja YIPaBIAIOIIUX HapaMeTpoB
MojeNell pacIpoCTpaHEeHHs KOPOHABUPYCHOW snuaeMuu. Bcee pasMeleHHbIE JaHHBIE JOCTYIHBI
it ckaunBaHus B popmate CSV. Ha Puc. 11 nokazana apXuTeKkTypa BU3yalU3alluy JaHHBIX:

Ha Puc. 12 mpencraBiieH CKpUHIIOT CTpaHUIBI JaIIOOp/a, PacIoI0KEHHOro 110 ajapecy: https://lab-
ai.ru/dashboard

- HayuHo-uccneposarenbckas nasoparopuu UCKYCCTBEHHOIO UHTe/lI/ieKTa R

Npoext 'DEPMA JAHHBIX. Busya

49 RaHHBIX

m Kosua19 | Perwores Koewa-19 | Fopoga Kooz 19 | Crpanss Koewa19 | Mogens. Ocna obesean Ceanars zawiie

OnepaTuBHble faHHble

2023-03-27 22.595.199 397.109 21.946.453

251.637 8.989 & 160

295.244.836 2034.729 0.82 144.713.312

186.318.525 88.645.731 ? i d

: ’ \ y

79.588.057 20.323.531 2 |

* g uy Y -
e -

Puc. 12: Cmpanuya oawbopoa seusyanuzayuu oannvix no COVID-19
Fig. 12: COVID-19 data visualization dashboard page

4. 3akn4eHue

B craree mnpexactaBneHa OpUrMHANIBHAs pa3pabOTKa aBTOMATU3UPOBAHHOM CHUCTEMBI cOopa,
XpaHeHUss U 00pabOTKM JAaHHBIX M3 PA3HOPOJHBIX HMCTOUHHMKOB («(epMa naHHBIX»). [laHHas
cUCTeMa MPHU3BaHA BBIUYMCIUTH WIK OLEHUTDH ITapaMeTpbl MOJEIH B JIFOOOW MpeaMeTHOi 00macTu.
IMogyepkHeM, uTO Hama 3ajada, Kak pa3pabOTUMKOB, ObLIA JOOUTHCS MaKCHMAaJbHOM
ABTOMATH3alUH BCEX IIPOIIECCOB, HCIIOJIB3YEMBIX Ha (epMe.

OnucaHa apxutekTypa (GepMbl, ee MOAYJIH M (YHKIHOHAJBI, a TAKXKE UX peau3alus Ha SI3bIKe
nporpammupoBanus Python. ®epma Obuta pazBepHyTa M MPOTECTUPOBAHA HA YIAIIEHHOM CEpBepe.
B kadecTBe mpeaMeTHOH 001aCTH UCIIONB30BATUCH UCTOYHUKH NaHHBIX 1o COVID-19 B Poccun n
IPYTHX CTpaHaX MHUpa. MoJenblo 3TOH MpeIMeTHOH 00JIacTH CIy>KHJIa MOJIENb PacIpOCTPpaHEHHS
BUpYCHBIX HH(Dekwuii, pa3padorannas PO — BHUUT® Pocatroma. Ha BeIXOme cucTeMbl —
(haitel BpeMeHHBIX psioB B popmate CSV u JSON, T.e. 6oJblire JaHHbIC TOTOBBIE TSl MAITMHHOTO
oOydeHns W aHanu3a. JlaHHBIE 1O KOJIMYECTBY MH(OHUIMPOBAHHBIX, YMEPIUNX, BBI3IOPOBEBIINX,
CJICNIaHHBIX TECTOB, ITOJOKUTEIBHBIX TECTOB, BAKIIMHUPOBAHHBIX, ClIydaeB npuMeneHns VBJI u r.om.
rpeacTaBIieHb! 11 ToposioB Poccuu ¢ Hacenennem ceoimre 50,000 genoBek.

®depma paboTtaer B pexxuMe peansHoro Bpemenu 24/7, codupasi, coxpansisi 1 o0padarbiBasi Oobline
obbeMbl aHHBIX. [Ipy ee pa3paboTke, MIMPOKO NPHMEHSIOTCS CaMble COBPEMEHHBIC METOMBI,
TEXHOJIOTUH, CPE/Ibl, ONOINOTEKN U aITOPUTMBI HCKYCCTBEHHOTO HHTEIUICKTa M HAYKH O JaHHBIX.
Bot Hekotopsie u3 Hux: NoSQL 6a3a mannsix MongoDB; Anaconda; Jupyter; Pandas; Scikit-learn;
NLTK; nHTEmIeKTYaubHast ONTHMH3AIHs; 00paboTKa eCTECTBEHHOTO SI3bIKa M MHOTHE JIPYTHE.
OTMmeruM, 4TO (hepMa JaHHBIX HAXOAUTCA B CTAAUM aKTUBHOW pa3pabOTKH: J0OABIIAIOTCS HOBBIE
MOJYJIM U OHa aJaNTHPYeTCs K IPYTUM HPEIMETHBIM 00JIacTAM. B 3aBUCHMOCTH OT CIIOHOCTH U
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o0BeMa penraeMbIX 3ajad, a TaKKe pasMepa JaHHBIX MPEIMETHOHW o0iacTh, hepmMa MOXKeT OBITh
npeobpa3zoBana B GabpUKy WIH Ja)Ke KOHIEPH TaHHBIX.

Cnucok nutepatypbl / References

[1] Miiller A.C., Guido S. Introduction to Machine Learning with Python: A Guide for Data Scientists.
O'Reilly Media, 2016, 398 p.

[2] Kyues P. PazmeTka JaHHBIX B MAIIHHHOM 00y4eHHU: IIPOLECC, PA3HOBUIHOCTU ¥ pekoMenpanun / Kutsev
R. Data labeling in machine learning: process, variations and recommendations. Available at:
https://habr.com/ru/company/ods/blog/327242/, accessed March 14, 2023 (in Russian).

[3] Lucas T.W., Kelton W.D. et al, Changing the Paradigm: Simulation, Now a Method of First Resort. Naval
Research Logistics, vol. 62, issue 4, 2015, pp. 293-305.

[4] A. Kusiak, Data Farming: A Primer. International Journal of Operations Research, vol. 2, issue 2, 2005,
pp. 48-57.

[5] OxcnepumeHTanbHBIE oOOpasel] HPOrpaMMHOIO KOMIUIEKCA «ABTOMATHYECKas HHTEIUIEKTyaJlbHas
cucteMa cbopa NaHHBIX U3 Pa3iIMYHBIX HHTEPHET MCTOYHHKOB» / Experimental sample of the software
complex «Automatic intelligent system for collecting data from various Internet sources». Available at:
https://actcognitive.org/files/aicrawler_2_rukovodstvo_operatora.pdf, accessed April 14, 2023 (in
Russian).

[6] Bannister K. Understanding Sentiment Analysis: What It Is & Why It’s Used. Available at:
https://www.brandwatch.com/blog/understanding-sentiment-analysis/, accessed April 14, 2023.

[7] Otuer 0 maTeHTHBIX HCCIEAOBAHUAX MO TemaTHKe «pepma maHHbIx» / Patent Research Report on Data
Farm. Available at: https:/ai.psuti.ru/docs/Patent_search.pdf, accessed April 14, 2023 (in Russian).

[8] JleBamkun C.II., AramoB C.H. u ngp, WccnemoBanue afanTHBHO-KOMIIAPTMEHTHON —MOJEIH
pacmpocrpanenusi KOBU/I-19 B HekoTOpbIX pernoHax P® merogamMu ontumusannu, MarteMaTHdecKas
ouonorus 1 ononHdopmaruka, Tom 16, Beim. 1, 2021 r., ctp. 136-151 / Levashkin S.P., Agapov S.N. et al.
Study of SEIRD Adaptive-Compartmental Model of COVID-19 Epidemic Spread in Russian Federation
Using Optimization Methods. Mathematical Biology and Bioinformatics, vol. 16, issue 1, 2021, pp. 136-
151.

[9] Mpoexkr '®PEPMA JAHHBIX' Busyanusauus nannbsix. HayuHo-ucciemoBaTesnbckas JabopaTtopus
uckyccrBenHoro unteiniekra / Project 'DATA FARM'. Artificial Intelligence Research Laboratory.
Available at: https:/lab-ai.ru/dashboard, accessed April 14, 2023 (in Russian).

[10] JTepamxkun C.II., 3axapoa O.M. m np. MoaynbHas cucrema cOopa paHHbIX. CBHAETENBCTBO O
peructpauuu nporpammsl it OBM, Ne 2022617725. Jlata rocy1apCTBEHHOH PErucTpaluy B peecTpe
nporpamm 1t OBM 25.04.2022 / Levashkin S.P., Zakharova O.1. et al. Modular data collection system.
Certificate of registration of a computer program, Ne 2022617725. Date of state registration in the register
of computer programs 25.04.2022 (in Russian).

UHdopmaumsa o6 aBTopax / Information about authors

Cepreii [TaBnosuu JIEBAIIIKIH — npodeccop, kanauaaT pusuko-mareMaTudeckux Hayk, PhD in
Computer Science, AefcTBUTENbHBIH 4WieH AKaaeMuu HayKk MEKCHKH, 3aBeLyIOIUH HaydHO-
HCCIIEIOBATEIILCKOH J1a00paTopHeil UICKYCCTBEHHOTO HHTEIUICKTA. Y YeHBbIH ¢ Oosee yeM 20-1eTHUM
OIBITOM pabOThI B YHHBepcUTeTax U kommanusax Poccuu, CeBepHoii AMeprku U EBporisl B 06sacTu
HCKYCCTBEHHOTO MHTEIUIEKTA 1 MallIHHOTO O0yYeHUSI.

Sergey Pavlovich LEVASHKIN is a Professor, a Candidate of Physical and Mathematical Sciences,
PhD in Computer Science, a Full Member of the Academy of Sciences of Mexico, and the head of
the Artificial Intelligence Research Laboratory. He is a scientist with more than 20 years of
experience working in universities and companies of Russia, North America, and Europe in the field
of artificial intelligence and machine learning.

Koncrantun Hukomaesud VIBAHOB — wmaructpant, umxenep HWJI UMW IIT'YTU. Hayunsie
HHTEpECH! BKIIIOUYAIOT: cOOp JaHHBIX, 00pabOTKY €CTECTBEHHOI'O A3bIKa, OCTPOCHHE BeO-CEPBUCOB
U IPUIOKEHUHN, BU3yalIU3alys JaHHBIX.

71

Levashkin S.P., Ivanov K.I., Kushukov S.V. Data farm: Information system for collecting, storing and processing unstructured data from
heterogeneous sources. Trudy ISP RAN/Proc. ISP RAS, vol. 35, issue 2, 2023. pp. 57-72

Konstantin Nikolaevich IVANOYV is a Master's Student and an engineer at the Artificial Intelligence
Research Laboratory. His research interests include data collection, natural language processing,
building web services and applications, data visualization.

Cepreit Bnagnmuposuu KVIIIYKOB — marucrpanrt, umxenep HUJI MU TIT'YTU. Hayunsie
HHTEPECH! BKIIFOYAIOT: HH(OPMAIMOHHbIE CUCTEMBI U TEXHOJIOTHHU, cO0p U 00paboTka HHpOpMaLuH,
HAMUCaHKe BeO-IIPUIIOKEHUH.

Sergey Vladimirovich KUSHUKOV is a Master's Student and an engineer at the Artificial
Intelligence Research Laboratory. His scientific interests include data collection and processing, as
well as web application development.

72



