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Eausapos Anexcandp Muxatinosur amelizarov@gmail.com
JTunawee Eszenuti Koncmarnmurnosus'x elipachev@gmail.com

'Kazanp, Kazanckwuit (I[Ipusomkcknii) dbeaepanbHblii yHHBEPCATET

Tepmun “Big Data”, mmpoko HCIOIb3yeMblii B HACTOSIIIEE BPeMsl B pa3J/iid-
HBIX [IPEJIMETHBIX 00JIACTSIX, IPUMEHUTEIFHO K MATEMATHKE TPEOYeT OIpPe e/ IeHHBIX
YTOYHEHUIT: B MAaTEeMaTHKe BCE JAHHBIC CYIIECTBEHHBI, KDOME TOTO, B MaTeMaTHIe-
CKUX JIOKyMEHTaX MHOTHE MX YaCTH, OCOOEHHO (DOPMYIIbI, ABJIAIOTCA CBOEOOPA3HBIM
KOJIOM, TpeOYIOINNM pacimndpPOBKH U CIIENUAJILHOTO TOJKOBaHus. Jlasee, mpu perre-
HUU MaTeMaTHuIeCKUX 3aJa49 sSIBJISIIOTCSI CYIIeCTBEHHO OOJIBIIIMMU OXKUJIAHUS OT UC-
nostb3oBanust KT, 3mech MOXKHO MPOBECTH aHAJIOTHIO C T€M, KAK BBIYUC/IATEIbHBIE
MAIIIIHBI TTOJHOCTHIO YCTPAHWIA PYUHbIE BBIUUCICHUS. BoraucaeHus Bcerma Tpebo-
BaJIM TPUMEHEHHUS OCODOBIX METO/IOB M HECTAHIAPTHBIX OPraHU3AIMOHHBIX PEIIeHMUIT,
LO3BOJILIONIMX CLIPABUTHC ¢ 00beMoM (Volume — oHa u3 XapakTepucTuK GOJIbIINX
JIAHHBIX) ¥ TIPEOJIoJIETh Gapbep BBIUUCIUTENbHBIX BO3MOKHOCTE OT/IEIBHOTO 1eJI0-
Beka. Eciin ropoputs 0 Velocity Kak ojiHOI 13 XapaKTePUCTUK OOJIBIIIX JAHHBIX, TO
JIUTETbHOCTD PYYHBIX BBIYUC/ICHUN MJLIIOCTPUPYET IIPUMEp BhIUuCIeHns anca [lu:
B. Hlenke (William Shanks, 1873 r.) norparmr 15 sier Ha Bbrauciaenne 707 3HAKOB
9TOro yrcsia (OJHAKO TOJIBKO 555 U3 HUX OKa3aich BepHbIMHU ). [ToMumo BbruuciieHuii
U TOJTIOTOBKHU JOKYMEHTOB HEOOXO/IMMbBI HHCTPYMEHTHI NHTEJIEKTYaIbHOTO [TOUCKA,
B TOM YHCJIe, PEKOMEH, [aTe/IbHbIe CUCTEMBI JIJIsi HAXOXKJIEHUsT Hay IHbIX cTaTeil, 0m3-
KUX TI0 COJIEPKAHUIO; CEPBUCHI TEPMUHOJIOTTIECKOI0 AHHOTUPOBAHIIST; [IE€PCOHATBHBIE
nH(MOPMAIMOHHDBIE TOMOITHAKA 1 IUQPOBbIE TLIAT(GOPMBI JIJIsi ABTOMATH3AINH U3~
JTATEJILCKO JIeATEHLHOCTH.

Henasno J. Carette, W.M. Farmer, M. Kohlhase u F. Rabe (arXiv:1904.10405v1
[cs.MS] 23 April 2019) npe1ozKuIM UCIOJIB30BaTh, 110 aHaIorHn ¢ Big Data, Tepyun
Big Math mist o6o3Hadenust 061acTu CO3MAHMS METOIOB U PA3PAbOTKH ITPOrPAMM-
HBIX CHCTEM IOJJIEPYKKU MATEMATHIECKUX UCCIIeI0Banmii. VMU BBIIEIEHBI IsITh OC-
HOBHBIX acmekToB Big Math:

e Inference (BbIBOJ| yTBEPXKIEHUI [IyTE€M JIE/YKIHN),

e Computation (ajropurmMudeckoe mpeobpasoBaHue MPeJICTABIEHUIT MaTeMaTH-
JecKux 00beKTOB B (hOPMBI, Gojiee JierKue Jiisl TIOHMMaHuUsI),

e Tabulation (cozmanue craTn4ecKux, KOHKPETHBIX JAHHBIX, OTHOCAIUXCS K Ma-
TeMATHIeCKUM OOBbEKTaM U CTPYKTYPaM, KOTOPBIE MOXKHO JIETKO XPAHUTD, 3aIPAIII-
BaTb U COBMECTHO HCIIOJIb30BATH),

e Narration (mpusesenue pesysnbTaToB B (hOpMY, KOTOPasi MOXKET OBITh yCBOEHA
JIOIBMU)

e Organization (MomyJibHas OpraHU3anug MATEMATUICCKUX 3HAHUI).

OcHoBHAas 3a/1a9a MATEMATHIECKAX TPOIPAMMHBIX CUCTEM 3aK/II0YAETCS CEOTHS
B MHTErPAIlUN yKA3aHHBIX acleKToB, coctapisionux Big Math. Cucrema mudpoBbix
MaTeMaTHYecKnX OnbIMOTeK, CO3/aBaeMas B HACTOSIIEe BpeMs, IPU3BaHa KOHCOJIHU-
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JINPOBATD U CJIEJIATH JOCTYIHBIMU KAK COBPEMEHHBIE MATEMATHIECKUE 3HAHUS, TAK U
MaTeMaTHIeCcKne 3HAHUS, COJIEPIKAIINECs B JOKYMEHTAX, CO3/AHHBIX B JIOIU(MPOBO
nepuojt. Jljist jjocTuykeHust 3TON €11 B paMKax udpOBbIX Oub/moTek paspabarTbi-
BaIOTCsl METOJIBI yIIPABJIeHUs MM POBOi nH(MOPMAIIHeil, YIUTHIBAIONINE 0COOEHHOCTH
MpEeJICTABICHUST MATEMATHIECKOTO KOHTEHTA.

B obiactu nnTerpanun MaTeMaTHIeCKUX 3HAHUN HAnboJee 3HAYNTEIHbHBIMUI 1B~
ssmorcst nannmarusa Global Digital Mathematics Library (GDML, https://doi.org/10.1007/978-
3-319-62075-6_5) u mpoext World Digital Mathematics Library (WDML, https://arxiv.
org/ftp/arxiv/papers/1404,/1404.1905.pdf). Ero ocnoBhag 3ajada — 00beIuHEHUE
B PAaCIpee/IeHHO CHCTeMe JIEKTPOHHBIX KOJIJICKIWI BCEro KOpIryca I(pPOBBIX
MaTeMaTHIeCKUX JOKYMEeHTOB. Ha mMHTerpamnuo eBporneicKinx MaTeMaTuIecKux pe-
cypcos HanpasieH npoektT The European Digital Mathematics Library (EuDML,
https://initiative.eudml.org/). 9TOT HPOEKT paccMATPUBAETCSI KAK OJMH U3 TAIIOB
rocrpoennss WDML.

B coorBerctBum ¢ ocmoBubiMu npunmunamu WDML B Kazamckom ynusep-
cuTere cozfaercs mudpoBas mMaremarmdeckas OmbOsmoreka Lobachevskii Digital
Mathematics Library (Lobachevskii-DML, https://lobachevskii-dml.ru/). ITocrpo-
eHne 3TOH OMOIMOTEKN TPE/oaraeT paspaboOTKy WHCTPYMEHTOB YIIPABJICHUsT Ma-
TeMaTUIeCKUM KOHTEHTOM, yYUTHIBAIOIINX HE TOJIBKO CIENU(MUKY MaTeMaTHuIeCKIX
TEKCTOB, HO M 0OCOOEHHOCTH 00PAbOTKH PYCCKOSI3BIMHBIX TEKCTOB. Kile 0110 3a/1atei
910l 1UdPOBOIt OUOIMOTEKN SABJISIETCS UHTErPAIs MaTeMaTuIeckux pecypcos Ka-
3aHCKOTO YHUBEPCUTETA U UX BKJIIOYEHHUE B TJIODATBHYIO HAYIHYIO0 HHMPACTPYKTYPY,
B gactaocTu, MathNet.Ru n EuDML.

B ucciteioBanusix, BBIOJHEHHBIX Hammed rpymmoi (em. [1]), paspaGoransr mos-
XOJIbI K YIPaBJIEHUIO OOJIBIIMMU KOJUIEKIIUSIMU ITU(PPOBBIX MaTEMaTUIECKUX TOKY-
MEHTOB, OCHOBAHHbBIE HA CEMAHTHYIECKUX METO/AX U COIVIACYIOIINECS C IPUHITUIIAME
WDML, a rakke oTHOCAIINECH K HAIpaBjIeHUAM, cocraisiommuM Big Math. 9tu
MIOJTXO/TBI PA3BUBAIOTCS W YKE€ YACTUIHO MPAKTHIECKH PEAU30BaHbl B 1udpOBOi
maremaTtudeckoit oudamoreke Lobachevskii-DML. IIpemgnoxkensr MeToibl (hopMUpO-
BaHUsI IU(PPOBBIX KOJUIEKIINI U3 HAOOpa JIOKYMEHTOB — HayJHBIX CTaTeil, MOHOTpa-
dbuil, TOKIAIOB, MPEJICTABICHHBIX B Pa3IndHbIX (opMarax xpaHeHus. Ha ocHoBe
aHaJIM3a CTPYKTYPhI JJOKYMEHTOB U CTUJIEBBIX 0COOEHHOCTEH nX 0hOopMIIEHHUST pa3pa-
60TaH AJITOPUTM IKCTPAKIUH MX MeTaJanubix. Co3/laH MPOrpaMMHBI HHCTPYMEHT
pasjesiennst COOPHUKOB CTaTell Ha OTJ/IEJIbHbBIE JIOKYMEHTHI 1 (DOPMUPOBAHUS UX CE-
MaHTUYECKOro npejcrapienns. Ha npumepe «Tpynos MaremaTndeckoro rneHTpa M.
H.U. JToba1ueBCcKOro», MMEIOIUX pa3/indHbie (bOPMAT U CTPYKTYPY, PEAJN30BAH aJl-
TOPUTM CO3JaHus MudpPOBOil KoJuteKIun u ee BKaodeHus B Lobachevskii-DML.

Pazpaboranbl: aJropuTMbl IOMOTHEHUS JIEKTPOHHBIX KOJUIEKINiT 1 POBOit
oubsmmorexku Lobachevskii-DML n dopMmupoBanms MeTaJaHHBIX JOKYMEHTOB ITHX
KOJLJIEKIINI B BBIOpAHHBIX (DOpMAaTax; CEPBUCHI HOPMAJIU3AIINN ITUX METaJAHHBIX B
coorBercTBun ¢ DTD-npasuiamu u XML-cxemamu NISO JATS u DBLP; ajgropurmsr
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co3/lanust 00513aTe/IbHOrO U (OyHIAMEHTAJIBHOIO HADOPOB MeTa/[aHHbIX KOJJIEKITHI B
coorBercTBHUN C mpasuaamu EuDML.

Pabora BbINOJSIHEHA B paMKax IpOrpaMMbl Pa3BUTHsA PermoHajpHOrO HaydHO-
00pa30BaTEeILHOIO MATEMATHIECKOTO0 1eHTpa IIpuBoskckoro deiepaabHOr0 OKpyTa,
cormarrerne Ne 075-02-2020-1478/1.

[1] Elizarov A. M. and Lipachev E. K. Big Math Methods in Lobachevskii-DML Digital

Library // Data Analytics and Management in Data Intensive Domains, 2019. Pp. 59—
72.
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Big Math Methods and Mathematical Knowledge Integration
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The term “Big Data”, which is currently widely used in various subject areas,
in relation to mathematics requires certain clarifications: in mathematics, all data
is essential, in addition, in mathematical documents, many of their parts, especially
formulas, are a kind of code that requires decoding and special interpretation. Fur-
ther, when solving mathematical problems, expectations from the use of ICT are
significantly higher. An analogy can be drawn here with how computers completely
eliminated manual computation. Computing has always required the use of special
methods and non-standard organizational solutions to cope with volume (Volume is
one of the characteristics of big data) and overcome the barrier of the computational
capabilities of an individual. If we talk about Velocity as one of the characteristics
of big data, then the duration of manual calculations illustrates an example of calcu-
lating the number Pi: W. Shanks (William Shanks, 1873) spent 15 years calculating
707 digits of this number (however, only 555 of them turned out to be correct). In
addition to calculations and preparation of documents, intelligent search tools are
needed, including recommendation systems for finding scientific articles that are sim-
ilar in content; terminological annotation services; personal information assistants
and digital platforms for publishing automation.

J. Carette, W.M. Farmer, M. Kohlhase and F. Rabe (arXiv: 1904.10405v1
[cs.MS] 23 April 2019) proposed to use, by analogy with the term Big Data, the
term Big Math to denote the field of creating methods and developing software sys-
tems to support mathematical research. They highlighted 5 main aspects of Big
Math:

e Inference (output of statements by deduction);

e Computation (algorithmic transformation of representations of mathematical
objects into forms that are easier to understand);

e Tabulation (creating static, specific data related to mathematical objects and
structures that can be easily stored, queried and shared);

e Narration (bringing the results into a form that people can assimilate);

e Organization (modular organization of mathematical knowledge).

The main task of mathematical software systems today is to integrate the aspects
that make up Big Math. The system of digital mathematical libraries currently being
created is intended to consolidate and make accessible both modern mathematical
knowledge and the knowledge contained in articles and books published in the pre-
digital period. To achieve this goal, in the framework of digital libraries, methods for
managing digital information are developed that take into account the characteristics
of the presentation of mathematical content.
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In the area of integrating mathematical knowledge, the most significant are the
Global Digital Mathematics Library initiative (GDML, https://doi.org/10.1007/978-
3-319-62075-6_5) and the World Digital Mathematics Library project (WDML,
https://arxiv. org/ftp/arxiv/papers/1404/1404.1905.pdf). Its main task is to unite
the entire corpus of digital mathematical documents in a distributed system of elec-
tronic collections. The European Digital Mathematics Library project (EuDML,
https://initiative.eudml.org/) aims to integrate European mathematical resources.
This project is considered as one of the stages of building WDML.

In accordance with the basic principles of WDML, a digital library Lobachevskii
Digital Mathematics Library (Lobachevskii-DML, https://lobachevskii-dml.ru/) is
being created at the Kazan University. The construction of this library involves the
development of management tools for mathematical content that take into account
not only the specifics of mathematical texts, but also the peculiarities of processing
Russian-language texts. Another objective of this digital library is the integration
of the mathematical resources of Kazan University and their inclusion in the global
scientific infrastructure, in particular, MathNet.Ru and EuDML.

In the studies carried out by our group (see [1]), approaches to managing large
collections of digital mathematical documents based on semantic methods and con-
sistent with the WDML principles, as well as related to the directions that make up
Big Math, have been developed. These approaches are being developed and already
partially practically implemented in the digital mathematical library Lobachevskii-
DML. Methods for the formation of digital collections from a set of documents —
scientific articles, monographs, reports, presented in various storage formats are pro-
posed. Based on the analysis of the structure of documents and the style features
of their design, an algorithm for extracting their metadata has been developed.
A software tool has been created for dividing collections of articles into separate
documents and forming their semantic representation. On the example of ” Proceed-
ings of the N.I. Lobachevskii Mathematical Center”, which have different formats
and structures, an algorithm for creating a digital collection and its inclusion in
Lobachevskii-DML was implemented.

We have developed: algorithms for replenishing electronic collections of the dig-
ital library Lobachevskii-DML and forming metadata for documents of these col-
lections in selected formats; services for normalizing this metadata in accordance
with DTD rules and NISO JATS and DBLP XML schemas; algorithms for creating
mandatory and fundamental sets of collection metadata in accordance with EuDML
rules.

The work was carried out within the framework of the development program of
the Regional Scientific and Educational Mathematical Center of the Volga Federal
District, agreement No. 075-02-2020-1478/1.

[1] Elizarov A. M. and Lipachev E. K. Big Math Methods in Lobachevskii-DML Digital

Library // Data Analytics and Management in Data Intensive Domains, 2019. Pp. 59—

72.
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