UMM nm.M.B.Kengbiwua PAH

AGpay-2022 - Tpyabl KOHepeHUUn

cB
s Es

% e
/@ 3
'y o
»

2

¥ 2022

Tpyabl XXIV Bcepoccuiickoit Hay4HOU KOH(peHLUn

HayuHbIn cepBUc
B ceTn UHTepHeT

KO.C. KopyxoBa, K.I1. Kpurep, E.B.
PsasaHoBa

i i, Mounck aokymMeHTOB no chopmynam

PexkomeHOyemasi popma 6ubnuozpagpuyeckoli cCbiKu

Kopyxosa tO.C., Kpurep K.I., PasaHoBa E.B. MNouck aokymeHToB no cdopmynam // HayuHbln cepBuc
B cetn MHTepHeT: Tpyabl XXIV Bcepoccuickor HaydHon KoHdepeHumn (19-22 ceHTtabpa 2022 r.,
oHnanH). — M.: UMM nm. M.B.Kengpiwa, 2022. — C. 350-362.
https://doi.org/10.20948/abrau-2022-7

https://keldysh.ru/abrau/2022/theses/7.pdf

Budeo3anuck ebicmyrnyieHusi



http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/
http://keldysh.ru/abrau/2022/
http://keldysh.ru/abrau/2022/
http://keldysh.ru/abrau/2022/proc.pdf
http://keldysh.ru/abrau/2022/proc.pdf
http://keldysh.ru/abrau/2022/proc.pdf
https://doi.org/10.20948/abrau-2022-7
https://keldysh.ru/abrau/2022/theses/7.pdf
https://keldysh.ru/abrau/2022/video/7.mp4

ITouck J0KYMEHTOB 10 (popmMysiam

10.C. Kopyxoga', K.II. Kpurep', E.B. Pazanosa’

I Mockoeckuii 2ocyoapcmeennuiil ynueepcumem umenu M.B. Jlomonocosa,
Gaxyromem BoiuucaumenvHou mamemamuky U KUbepHemuKu

AnHoTanusi. B Hacrosmiee Bpemsi 00JbIIOe KOJWYECTBO HAYYHBIX CTaTeH,
WCCIIEIOBAaHUM U KHUT NpeoOpa3zoBaHbl B IMU(PPOBYIO (HOpMY U OIMYyOIHMKOBAHBI
Ha OOIIENIOCTYMHBIX pecypcax. BakHOW coOCTaBisONIIe HaydHBIX pPadoT,
0COOEHHO B €CTECTBEHHBIX HAayKaX W WH)XEHEPHBIX IAMCLUIUINHAX, SBISIOTCS
¢dopmynbl. Ho G0IBIIMHCTBO U3BECTHBIX COBPEMEHHBIX IMOMCKOBBIX CHCTEM HE
NPEJOCTABIAIOT BO3MOXHOCTH TOHMCKAa TO ¢opmyrnaM. Marematnyeckas
IIOMCKOBAasi CHCTEMa pELIAeT MHOXKECTBO IPOOJEM, BO3HUKAIOUIMX KaK IpPHU
HaIKMCaHUN COOCTBEHHBIX HAyYHBIX CTATEH, TaK U MPU U3yYCHUH €CTECTBEHHBIX
Hayk. B maHHOW paboTe mnpemioKeH TOAX0a K CO3JaHUI0 CHUCTEMBI
MaTEMaTHYECKOro0 IIOMCKa JUIS KOJUIEKUIMH JIOKYMEHTOB, B TOM 4YHCIIE
COJZIEpKALINX OTCKAHUPOBAaHHBIE H300pAXKEHMs: IOA00paHbl IPOTrpaMMHBIE
WHCTPYMEHTHI U OMOIMOTEKH, MO3BOJISIOIINE aBTOMAaTHYECKU MTEPEBOAUTD UX B
CTPYKTYPUPOBAaHHBIN BHJl C BO3MOXXHOH KOPPEKTUPOBKOH ommubok. B pabote
IIPEICTABICH METOJ IOCTPOEHUS HMHIEKCA W aJITOPUTM HEYETKOrO IOUCKA.
IIpemioxKeHHbIl MOAXOABl PEAIU30BaHbl B IPOTOTUIIHOM IHPOrpaMMHOMN
CHUCTEME.

KiroueBblie cjioBa: nH(OOPMAIIMOHHBIN MOUCK, TOMCK cTaTel 1o (hopmyiam

Information Retrieval for Texts with Formulas

Y.S. Korukhova!, K.P. Kriger!, E.B. Riazanova!

I Lomonosov Moscow State University, Computational Mathematics and
Cybernetics faculty

Abstract. Nowadays a large number of scientific articles, research texts and
books have been converted into digital form and published on open-access web
sites. Formulas are an important component of research works, especially in
mathematics, in natural sciences and in engineering disciplines. But most of the
well-known modern search engines do not implement mathematical retrieval of
texts from formulas. A mathematical search engine could solve many problems
for authors doing some research and also for educational purposes also. In this
paper, an approach to creating a mathematical search system for collections of
documents, including those containing scanned images, is proposed: software
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tools and libraries are selected that allow them to be automatically translated
into a structured form with possible error corrections. The paper presents a
method for constructing an index and a fuzzy search algorithm. The proposed
approaches are implemented in a prototype software system.

Keywords: information retrieval, mathematic information retrieval

BBenenue

B Hacrosimiee Bpems OOJbIIOE  KOJIMYECTBO HAYYHBIX  CTaTEeW,
UCCIICIOBAaHUM W KHUT ObUIM mpeoOpazoBaHbl B 1HbpoByl0 QopMmy u
onyOJIMKOBaHBI Ha OONIEAOCTYIHBIX pecypcax. BaxkHoW cocrTaBistomiei
HAy4YHBIX MyOJMKaIui, OCOOCHHO B MaTeMaTHKe, €CTECTBCHHBIX HayKax U
WH)KCHEPHBIX JUCIHUIUINHAX, SBISAOTCA (Qopmynbl. OgHako OOJIBIIMHCTBO
M3BECTHBIX TMOMCKOBBIX CHCTEM HE TNPEJOCTaBISIOT BO3MOXKHOCTH TOHCKA
TEKCTOB I10 33JIaHHOM (opMyIIe.

Peanuzanus moucka mo ¢opMynam SIBISETCS JOTUYHBIM JIOMOJIHEHUEM K
BO3MOYKHOCTH TOMCKA CTaTeH MO aBTOPY, KIFOUEBBIM CJIOBaM M IPYTUM JIAHHBIM.
Kpome Toro, mo dbopmynam MOXHO HaWTH paOOThI, HATUCAHHBIE TIO PEIICHUIO
OJIHOM W TOM K€ 3a7]auM Ha Pa3HbBIX SI3bIKAX, TAK KaK SI3bIK CTAaThbHU MPAKTUUECKH
He BiMsieT Ha BUA (opmynsl. s mpoBeleHUsl J0Ka3aTeIbCTB M HAIMCAHUS
HAy4YHBIX pa00T TakKe MPEICTABIISICTCS MOJIE3HOM Takash BOZMOXHOCTh IMOUCKA:
MOTYT OBITb OOHapyXeHbl MyOJMKalMW, T/A€ paHee yKe Oblaa BbIBEACHA
ucKoMas (popMylia MM TIOX0Kast Ha HEe€, WM JI0Ka3aHa HEKOTopas €€ OlleHKa.

Peanuzanusi cuctembl MOKMCKa TEKCTOB Mo (opMysiam (Ha30BeM ee jajee
MaTeMaTUYECKOW TOMCKOBOM CHUCTEMOM) cCBsizaHa ¢ psjaoM mpodieM. Bo-
NEPBBIX, (POPMYIIBI U CTaTbU MPEJCTABICHBI B PA3NIUYHBIX (pOpMaTax: YaCTHUHO
— B CTPYKTYPHPOBAaHHOM BHJIE, HO 3HAYUTENbHASI YaCTh PECYPCOB XPaHUTCS B
BU/JIC OTCKAaHUPOBAHHBIX M300pakeHuit (B popmare pdf unu jpg), 4yto q06aBsieT
K 3ajJadye TOHMCKa mpoOJeMy pacro3HaBaHUsi Tekcta U GopMyd Ha
n300pakeHusIX. Bo-BTOPBIX, akTyalbHOM MPEJCTABISETCS peaan3aius UMEHHO
HEYETKOro TOMCKA: KPOME TEKCTOB, COJEpKAlIMX TOYHOE COBIAJCHHUE C
dbopmyI0ii-3anpOCcOM, B CIIUCKE HAMIEHHBIX TOKYMEHTOB OXKHUIAIOTCA U T€, YTO
cojiepxkaT Mpoxoxkue GopMmyJbl, TUOO K€ DKBUBAJICHTHBIC, HO 3alHCAHHBIC B
apyrom Buzae. [ns peanuzanuu MOMCKOBOW CHUCTEMBI HEOOXOIUMO TaKkKe
OPEIJIOKUTh CIOCO0 HMHACKCHPOBAHHUS CTaTeil B pa3lW4HBIX (QopmaTax.
Hakonen, = 0COOEHHOCTBIO  JaHHOW  CHCTEMBI  SIBIIETCS  WHTEpEHiC,
MIO3BOJIAIOIINHI 33/1aBaTh (DOPMYIIBI JJIs MMOMCKA B YAOOHOM IOJIb30BATEIIO BU/IE:
KaK B M3BECTHBIX peAakTopax (opmyn, Tak U B BUAEC U300paKEHUs, KOTOPOE
MOJKET OBITh BBEICHO C IMOMOIIBI0 MBIIIM WJIM HAlMCAaHO OT pPYKU U
choTorpadupoBaHO KaMepoil MOOMIIEHOTO YCTPOWCTBa. Bee U3 mepedrnciieHHbIX
BApUMAHTOB BBOJA MOTYT MPHUBECTH K IMOSBICHUIO OMNEYATOK WU OLIMOOK
pacno3HaBaHMs, KOTOpble HEOOXOAMMO  TMpeuiaraTb  CKOPPEKTUPOBATh
ABTOMATUYECKHU.
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B pabote mpencTaBieH moaxo K CO3MaHUI0 MAaTEMAaTUYECKON MMOUCKOBOU
cuctembl. CHayana paccMaTpPUBAIOTCS W3BECTHBIE METOJIBI U CUCTEMBI ITOMCKA
no ¢opmynam. 3aTeM ONHCAH NpeajJaraéMblii METOJ| MOCTPOEHUs HHJIEKca
dbopMya Ha OCHOBE CHMHTaKCUYECKOI'O JI€peBa M alTOPUTM HEUYETKOrO MOHUCKA.
Hanee  mpencraBiaeHa  uHboOpManus O  MPAKTAYECKOM  peanu3aiuu
MPEVIOKEHHBIX METOJIOB, TMPEJCTaBlIeH WHTEep(EC MOUCKOBON CHUCTEMBI,
BKJTFOYAIOIIN I pa3IuyHbIC BO3MOYKHOCTH BBOJIA bopmyi, "
IPOJIEMOHCTPUPOBaHA pPabOTa CHCTEMBbI Ha TECTOBOW KOJUICKIIMHM JTOKYMEHTOB.
B 3akimroueHny npuBeneHbl OCHOBHBIE PE3YJIbTATHI.

1. CucreMbl NOUCKA TEKCTOB MO Gopmyaam

[IpoOnema moucka HayyHbIX paboOT Mo (opmyliaM cTajla akTyajbHa C
MOSIBJICHUEM MHOXKECTBA HAyYHBIX pabdOT B OTKPHITOM JIOCTYIIE B CETH
WNuTtepHer. Ha ngaHHBIA MOMEHT CYIIECTBYIOT KakK O(HIMaIbHBIE ITH(POBBIC
OMOTMOTEKN C MHOKECTBOM CTaTel M y4eOHUKOB, TaK M OT/AEIbHbIC BeO-CalThI,
Ha KOTOPBIX €CTh BO3MOXKHOCTH 3arpy3uTh CBOIO paboTy B iudpoBom Bume. Tak
KaK 3JICKTPOHHBIE KOJUICKIIMM HAYYHBIX CTAaTel MOSBIJIUCH JOCTATOYHO JABHO,
YK€ CYIIECTBYIOT MOUCKOBBIE CHCTEMBI C BO3MOKHOCTHIO HEUYETKOTO TMOUCKA
TEKCTOB I10 3anpocy-hopmyie. PaccMOTpuM 3TU CHCTEMBI.

OouH W3 TOAXOJOB K pPEIIEHUI0 3aJa4yd MaTeMaTHUYeCKOro TOHCKa
npenacraBieH B cucteMe MathWebSearch [1]. Cucrema coctouT u3 TpEX
KOMIIOHEHTOB: Habopa BeO- CKaHEepOB, MOUCKOBOTO cepBepa U BeO-cepBepa. Bed
CKaHephl OOXOMAT HWHTEPHET B  IIOMCKAaX MOAXOJSIIET0  KOHTEHTA,
UACHTUUIIUPYIOT ¥ 3arpyXkaloT €ero B HHICKC, IIOMCKOBBIA CepBep
OCYIIECTBISIET TOMCK TIO0 HHJIEKCY, a BeO-cepBep mepenaér pe3ynbTaThl
nosb3oBatento. MathWebSearch pabotaer ¢ nokymenramu B popmare XML u
dbopmynamu B popmare MathML [2].

JIist XpaHeHus 3apaHee COCTaBIIEHHOTO MHJEKca (OpMyJ HCHOJIb3YyeTCs
JIEpPEeBO TMOJCTAHOBOK, a JIOMOJHUTEIbHAS HHOpMaIUs 0 GopMylie XpaHUTCS B
0a3e manHbIX. Bce Gopmynbl 3apaHee MPOUMHIEKCHUPOBAHBI U OPTaHU30BaHbI B
BUJIC JiepeBa TOJICTAaHOBOK. B crarbe [l] olleHeHO, 4TO Bpemsi pabOThI
MOMCKOBOM CUCTEMBI OCTAETCSl MPUEMIIEMBIM JaXe JJIsi JOCTaTOYHO OOJIBIIOM
KOJUIEKIIMU JOKYMEHTOB, TaK Kak MHOrue mnoAGopMyibl pa3HbIX (OpMyI
COBMNAJAIOT M 3aMCHIBAIOTCS B JIEPEBO TOJIBKO OJMH pa3. [loMck Mo KOJUIEKIUH
nopsinka 3400 crareii BRITIOHSICTCS 32 MAJUTHCEKYH/IBI. TakuM 00pa3om, 1epeBo
MOJICTAHOBOK MIPEACTABISIETCS WHTEPECHBIM WHCTPYMEHTOM TUTST
uHAeKcupoBaHusa. (OHAKO SKCIEPUMEHTHI C CHUCTEMOU IMOKa3aiu, YTO XOTS H
BO3MOXKHA BbIJIaya B pe3yJibTaTaX IOMCKAa MOXOXKUX Ha 3ampoc GopMmMyn C
TOYHOCTHIO JI0 MEPEMEHHBIX, oAGopMyT U HaAGOPMYI, HO K PEIEBAaHTHBIMU

pesyabraram it GopMyiibl $*(X) HE OTHOCHTCS, Hampumep, s(x) * s(x). Uro

JEMOHCTPUPYET HEOOXOAUMOCTh BBOJA B CHUCTEMY psiia TOXKIECTBEHHBIX
npeobpazoBanuii  gopmyn.  Iloaxon,  HCHONB3YIOMIUA  TOXIECTBEHHBIC
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npeoOpa3oBaHusi HA OCHOBE BOJIHOBBIX IpaBHJI, ObUI HccienoBaH B padore [3],
OJIHAKO HE JTIOBEJEH /10 OKOHYATEJIbHON peanu3aiui.

Jpyroi TOOXOx TPEMIOKEH NPU peAU3aldu  MaTEeMaTHYECKOU
MIOMCKOBOM CHCTEMBbI Ha OCHOBe MexaHu3mMa EgoMath [4], mamucanHOMYy B
JOTIOJTHEHUE K TEKCTOBOMY MOMCKOBOMY MexaHu3Mmy Egothor u, mockoisbky oH
pa3paboTaH Kak pacHIMpPEeHUE, €ro MOXKET UCIOJIb30BaTh J1I00as MOJTHOTEKCTOBAs
nouckoBasi cucrema. llomnepxkuBarorcs Gopmynsl B (opmare MathML.
dopMyIibl B MHIEKCE XPAHATCS B BUJE TeKCTa. M3 CIOXKHBIX CTPYKTYpP JTaHHBIX
OHM TIEPEBOJATCS B JIMHEWHBIE C 3apaHEe OMPENEICHHBIMU CUMBOJIAMH, TIPH
3TOM Bce MoAGOpMYIIbl IPEACTABICHBI KaK OTACIbHBIC CI0BA. JlaHHBINA MOAXO0M
IIPENOCTABISIET BO3MOXKHOCTH HCIIOJB30BATh IPEUMYIIECTBA TEKCTOBOI'O
IIOMCKA.

[Touck mo d¢opmynam, MpPeACTaBICHHBIM B BHUJAEC CTPYKTYpHUPOBAHHBIX
JaHHBIX peann3oBaH B cuctemax MlaS [5] (popmar MathML) u B moucke st
[HudpoBoit maTematnueckoi 6udnnoreku Jlobauerckoro [6] (popmar LaTeX).
B cucteme LibMeta [7] peanuzoBaHa BO3MOKHOCTh OUCKA 1O (popMyriaM, caMu
e (OpMYIBI BBIACISIOTCS M3 TEKCTOBBIX (DParMEHTOB, U C HUMH CBSI3BIBAOTCS
OOBEKTHI U OHATHS T€3aypyca, YTO MO3BOJSET B JAIbHEMIIEM UCKATh (DOPMYJIbI
no KJIYeBbIM  cioBaM. OJHAaKo 3ajada TOMCKAa MO  KOJUIEKIHMH
HECTPYKTYPUPOBAHHBIX JOKYMEHTOB B (popmarte pdf mo-mpexHeMy ocraercs
aKTyaJbHOH [§].

2. UHaekcupoBaHMe HECTPYKTYPUPOBAHHBIX JOKYMEHTOB,
coaep:xamux GopmyJibl

B nannHoii paboTe OCHOBHOE BHHMAaHHE YJEICHO MOWCKY MO KOJIICKIIUU
OTCKAaHMPOBAHHBIX cTaTell C Qopmynamu, xpaHsmuMmcs B ¢Gopmare pdf.
Oco0EHHOCTh TMOCTPOCHUSI MHJIEKCA 3aKII0YAeTCs B JOMOJHUTEIBHOM JTarle
00pabOTKM TakWX JOKYMEHTOB — Pacrno3HaBaHUH (OPMYJ B HUX C BO3MOMKHOM
KOPPEeKTUPOBKOM omubok. PaccmarpuBaemblii 1okymMeHT B ¢opmare pdf
pasnensercs Ha CTPAHMIBI, KaKAas U3 KOTOPBIX IMEPEBOAUTCSA B rpauuecKuid
dopmar (¢ nomoisro oudanoreku pdf2image).

Jlanee wucmonb3yeM NPOrPAaMMHBIA WHCTPYMEHT [IJIsi PAcCIO3HABaHUS
texcra Mathpix? Tak Kak mporpamma pacrnosHaBaHusi cumBosioB Mathpix OCR
MOJKET Paclo3HaBaTh HE TOJBKO MEUATHBIA TEKCT, HO U TEKCT C M300pakeHUH,
TO CTaHOBUTCS BO3MOXKHOH M 00paOOTKa OTCKAaHMPOBAHHBIX JTOKYMEHTOB, U
dbopMyI1, 3aNTUCAaHHBIX BPYYIHYIO.

B pabote npeiaraercs cieayomui aaropuT™ MOCTPOCHUST MHIEKCA.

1. JIOKyMEHTY NpHCBauBaeTCs YHHUKaJIbHbIA uaeHTHdukatop (id) u
3TOT HOMEP BMECTE CO CCHUIKOM Ha JOKYMEHT 3aIMChIBaeTCs B 0a3y JaHHBIX

! https://pdf2image.readthedocs.io
2 https://mathpix.com
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2. C KaxIOM CTpaHULbl CUYUTHIBAETCA TEKCT C  MOMOUIBIO
porpaMMHOTro HHCTpymMeHTa Mathpix.

3. N3 Texcra BhIIETAIOTCS BCe POPMYIIBL: JIETaeTCsl MPOXOH MO TEKCTY
U UOIYyTCAd TMOACTPOKH, COBMNAJAIONIME C BbIpaXkeHueM (opMmyibl B
cTpyKkTypupoBanHoM Buje (B popmare Mathpix Markdown?).

4. Brinonnsiercs npeobpa3oBaHue (GopMysl K CTaHIAPTHOMY BUIY:
youpaeTcst TUIIHSAS JUIs Toucka uHdopmalus (HarpuMep, o ToM, 4To Gopmyra
Obuta HaOpaHa >XKHPHBIM MIPUPTOM), KOPPEKTUPYIOTCS HEKOTOpBIE OMIMOKH
(Takue Kak, HarpuMep, MPOIYyIIEHHAs OTepalis YMHOKCHUSI UM HEBEPHOE UM
CTaHJAPTHOM (PYHKIIUH).

5. dopMynbl  BMECTE € HX UACHTU(GUKAIMOHHBIMA HOMEpaMu
3aMMCHIBAIOTCS B JIEPEBO MOACTAHOBOK, OHO XpaHUTCS B (aiisie B hopmarte json.
6. @opMynbl ¥ HICHTU(PHUKAIMOHHBIE HOMEpA 3alUCHIBAIOTCS B

Tabnuily 0a3bl JAaHHBIX, CBS3BIBAIOTCS C HMHPOpManMe O JIOKYMEHTax, B
KOTOPBIX OHU HAWJIEHBI

[IpeobpazoBanrie GopMysbl U3 CTPOKH B J€PEBO BBHIMOJIHIETCS METOI0M
PEKYPCHUBHOTO CITyCKa [0 TPaMMAaTHKE, OMUCHIBAIOIIEH BBIPAKCHHS.

Crnenyrommii mar paboTel anropurma - go0asieHue (GopMmysbl B I€PEBO
noactaHoBok. CHawama nns  QopMylsibl  CTPOUTCS COOCTBEHHOE JIEPEBO
MOJICTAHOBOK, 3aTEM OHO BCTpauWBaeTcs B o01ee s Bcex (hopmya aepeBo. Tak,
Harpumep, 17t Gopmysiel ¢ = a + b gepeBo OyieT BBIMISACTh KaK MPEICTABICHO
Ha puc. l. JlepeBo MOACTaHOBOK TMOJy4eHO 00X0a0M jepeBa (GopmMylbl B
HIMPUHY CIIpaBa HaJIeBO (CM. pucC. 2).

JUis mocTpoeHus JepeBa MOACTAHOBOK JUIsl BceX (OpMyll, BCE JIEPEBBS
o0benUHAIOTCS. Pe3ynbraT XpaHUTCS B CJOBape, IZIe K4 - y3ell JIepeBa,
3HaYeHHUE - Mapa U3 CIHUCKa JeTeil y3/ia U cnucka UACHTU(PUKATOPOB (opMyI,
KOTOpbIE COOTBETCTBYIOT JaHHOMY IIyTH AepeBa. Hanpumep, nns popmyn d = f,
atb = ¢ u b+a = ¢ Oyzer obuiee epeBoO NOACTAHOBOK, MPEICTABICHHOE HA PUC.
3, B JHUCTHSIX KOTOPOTO COAepXk aTcs HIECHTU(PUKATOPHI (OpMyYT Al MOHCKA
COOTBETCTBYIOIINX (OpPMyJiE TOKYMEHTOB B 0a3e JaHHBIX.

3 https://mathpix.com/docs/mathpix-markdown/overview
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Puc. 1. TlpencraBnenue dhopmyssl ¢ = a + b B Buae aepena

O ORORON0

Puc. 2. JlepeBo moacranoBok aiis popmyiasic =a +b

[ToncraHoBku B (opmyse OyayT MPOXOIUTh B LIMPHHY, TOTJAa BBEPXY
JepeBa B y3iax OymyT omeparopsl, a BHH3Y - IEepeMeHHble. TakuMm oOpa3om
paccrosiHHEe MEXIy (opMmyliaMu, OTIMYAOIIUMUCS TOJBKO MEPEMEHHBIMHU,
OyAeT MeHbLIE.
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Puc. 3. O06mee nepeBo noactanoBok st popmynd=f,a+b=cub+a=c

3. AJITOPUTM HEYETKOIO MOMCKA M ero peajin3ainus

WcxonHbIMU JTaHHBIMU JUIsI TIOMCKa sBiseTcsl (opMmysia B BUIE CTPOKH.
[TocnenoBaTenbHO BBHIOMHSIOTCS CIEAYIOIINE IIaru

1. Ctpoutcs uaentudukatop (xam) 1 hopMyssi-3ampoca (C MOMOIIBIO
Gyukuuii 6nbmmorexu hashlib?) u memaercs mposepka, uto HeT (GopMya ¢
COBMA/IAIOIIUM HICHTU(UKATOPOM B 06a3€ TaHHBIX

2. Ina popmynbl-3ampoca CTPOUTCS IEPEBO MOICTAHOBOK

3. OcyuecTBiasieTcsl MPOXOoA MO O0IIeMy JAEpeBY MOJCTAHOBOK M MOMCK
HanOoJIee MOX0XKUX (PopMyIL.

4. U3 nepeBa monyuaroTcss uaeHTUdUkaTopsl (id) Hambosiee MOXO0KUX
dbopmyn u B 0a3e [JaHHBIX BBIOMPAIOTCS JIOKYMEHTBI, COJEpKalllue ITH
bopMyIbI.

5. JIOKyMEeHTBl PaHXHUPYIOTCS B 3aBUCUMOCTH OT PACCTOSHUS MEXIY
HalICHHBIMHU (OpMyTIaMu

OctanoBuMcs moapoOHee Ha myHKTe 3. [Ipoxos mo mepeBy MoacTaHOBOK
OCYIIECTBJISIETCS. HE TOJBKO MO COBMAAAIONIMM C 3alPOCOM BETKaM, HO MO BCEM
BeTKaM JepeBa. [Ipu mepexone U3 OJHOrO y3ja Ha CIAEAYIOUIUH KaxaAOMy U3
y3JI0B-IIOTOMKOB IIpHCBanBaeTCcsl Bec mepexoja. Bec mepexoma 3aBUCUT OT
coBnazieHus: (JOpMyJIbl CO 3HAUEHUEM CIIEAYIOIIEro y3ia aepesa. Ecnu 3Hauenue
y3J1a HE COBMAJIaeT CO 3HAUEHHEM y3ia (HOPMYIbl, TO MOXKHO JHOO MepelTH Ha
CIeNYIONMN y3€ll JIepeBa U Ha CICAYIOMUNA y3ea (popMyIibl, TU00 MEperTu Ha
CIeNYIOIMNA y3ell JepeBa M OCTaThCs Ha TEKyleM Yy3ie (OpMysbl, JHOO
OCTaThCs Ha TEKYIEM y3Jie JepeBa W MEPEeUTH Ha CIEAYIOMUN y3ell (HOpMYIIbI.
Kaxxnomy W3 Takux JEHCTBUM COOTBETCTBYET pa3HbId BeC OLIMOKM W TpH

4 https://docs.python.org/3/library/hashlib.html
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JanbHENIIEM MPOXOAE MO JEpPEBY 3TU Beca CKiaabiBaroTcs. Ecau BO Bpems
IPOX0Jia Ha KAaKOM-TO IyTH BEC CTAHOBUTCS CIUIIKOM OOJIBIINM, TO 3Ta BETBb
nepeBa youpaercs u3 paccMoTpeHus. B koHue i kaxkaoi hopMyIibl U3 AepeBa
noyiydaetrcsi (UHaIbHBIM BeC - paccTossHME OT (OpMyJbl M3 3ampoca [0
dbopmyisl B nepese. Eciau dopMyna u3 3amnpoca TO4YHO COBIagaeT ¢ popmysioil B
JIepeBe, TO PACCTOSIHUE MEXIy HUMU OyneT paBHO 0, Tak Kak BeC KaxKIoro
nepexona Oyner paBeH (0. Takum o00pa3oM MoOJydaeTcss HANUTH TOYHBIC
coBmajicHus1, Hanbomee 6au3Kue HGopmysl, MOAGOPMYIIBI U HAAGOPMYIIHL.

PamwxupoBanue pe3ynbTaToB, YHNOMSHYTO€ B IIyHKTE S5 airopurma,
BBIIIOJIHAETCS COIVIACHO CJIEAYIOLIUM TPUOPUTETAM:

1. Bec ommOku, MOJy4eHHBIA B pe3ysibTare padoThl anroputMma (OT
MEHBIIIETO K OOJbIIEMY).

2. Jlons TOKyMEHTOB, B KOTOPBIX BCTpedaeTcs (popmyna, MO OTHOLIECHHUIO
KO BCEM JOKyMEHTaM (OT OOJIBIIIETO K MEHBIIIEMY).

3. KonuuectBo ynomMuHaHuid ¢GopMyibl B JIOKYMEHTE, OTHOCHUTEIIBHO
YHOMHUHAHUH BceX POpMyIT B TOKyMEHTE (0T OOJIBIIETO K MEHBIIEMY).

Pe3ynbraTomM paboThl anropurma sBISIETCS CIMCOK (POPMYII, TOXOXKUX HA
BXOJIHYIO (DOPMYIly ¥ CHUCOK JJOKYMEHTOB, COJIEPKAIINX HAlIEHHbIE (POPMYJIBI.

4. Peanu3anus cUCTEMbl MATEMATHYECKOI'0 MOUCKA U ee MHTep(eiic

[IpenyioxeHHble TOAXOMbI OBUIM pPEATU30BaHbBl B BHUJIE NPOrPAMMHON
cuctembl Ha si3bike [IuTOH, uMeronielt BeO-unTepdeiic, BO3MOXKHOCTH KOTOPOTO
IIPEACTABIICHBI HA pUC. 4.
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[ ViCTOpMn J [ Cnpaska ]
3anpocoe

WeTopua UHpopmayms o
BbiMNONHEeHHBLIX NoMCKOBOW CHUCTEMa
3anpocoe W CCblNKa Ha
cuHTaKkcuc popmara
LaTeX
TekcroBbiA 3arpy3ska PucyHok B
BBOJ, B n3obpaxeHns cneynansHom

¢dopmarte LaTex popmynoii OKHe

—~—

Mposepka, 4To
dopmyna c
n3oGpaxeHus
BEpPHO pacno3HaHa

N2
MpeanoxeHne
BBecTH dopmyny
APYrvmMm cnocobom

Cucrema
BbINONMHAET
NoucK

CNUCcoK TOUHBIX
coBnageHunin n
noxoxux dopmyn

CoobweHwne, 4To
HW4Yero He HailgeHo

Puc. 4. Cuenapuu B3auMOJEHCTBUS MTOJIH30BATEIISI C CUCTEMOM
MaTeMaTU4YeCKOTo MOUCKA uepe3 BeO-uHTepdeiic

Taxke B mpolecce pealu3alMd HAXOAWTCA IMOJCUCTEMa BBOJA H
npeobpazoBanusi ¢Gopmyi, pabortaromas Ha MOOWIBHBIX ycTpoiictBax (OC
Android), mo3BostoNIasi CYUTHIBATE (HOPMYIIy — 3alpoC C TMOMOIIBIO KaMepbl
MOOWJIBHOTO YCTPOWMCTBA U BBIMOJHSATH PsiJi SKBUBAICHTHBIX MPEOOpA30BAHHIA
IUIL  COTIOCTaBIICHHsI 3ampoca ¢ (opMylaMH HHIEKCAa U KOPPEKTHPOBKH
BO3MOYKHBIX OIIMOOK PACIIO3HABAHMS U 3AITHCH.
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s uccnenoBanusi paboThl MeToAa ObLIa MPOMHIEKCHPOBAHA TECTOBAs
OubMoTeKa TOKYMEHTOB, cojiepKamux Gopmyisl. B Hee BkimoueHo 100 padot
Ha PYCCKOM S3BIKE€ M3 DJEKTPOHHOM OubOimoreku mpenpuHToB HIIM nm.
Kenapima® u 200 paGoT Ha aHIIMHCKOM S3bIKE M3 DIEKTPOHHOIO apXuBa
Hay4HbIX cTared arxiv.org. B 000MX UCTOYHHKAX €CThb BO3MOXHOCTb
ckaunBaHus (aitna B ¢popmate pdf, a Takxke pazzeneHue ctaTed Mo TeMaTHUKeE.
PesynpTaToM paboOThl MOAYJS WHIEKCHUPOBAHUS CTalO JIEPEBO, COJAEprKaliee
oxoJio 32 000 y3noB, pa3mep ¢aiina 1,6 MO.

Jlnst paGoTel ¢ QopMyliaMu U CTaThIMH CO3/laHa 0a3a JaHHBIX, CXeMa
KOTOPOU TIpe/ICTaBlIeHa Ha PHC. 5.

id integer

formula | string
df float

formula2document = +3 Add field

formula_id integer

document_id |integer —_—

tf float N
e AN
— 3 id integer
document_link | string
theme string
= Add field

Puc. 5. Cxema 0a3sl JaHHBIX MATEMATHYECKOU TIOUCKOBOI CUCTEMBI

B 6a3e gaHHBIX MpeacTaBiecHa HHPOPMAITHS

— o ¢popmynax (id - yHukanpHbIN uaeHTHGUKATOP, formula - cTtpokoBoe
npencraBieane Gopmynsl, df - M0 JOKYMEHTOB, B KOTOPBIX BCTPETHJIACH
dbopmyIia Mo OTHOIICHUIO KO BCEM JIOKYMEHTaM);

— 0 gokymeHTax (id - yHukanpHbIN uaeHTudukatop, document - cchika
Ha cTaThlo, theme - TemaTuka cTaThM), B JajbHEWIIeH paboTe TabauIa MOXKET
OBITH pacIIMpeHa, KOraa Mpu MOUCKe Oy/eT 3a/IeiCTBOBATHCS JIOMOJTHUTEIbHAS
uHdopmaIrusi, B YaCTHOCTH TMpEAroiaracTcss B JaJbHEUIIEM YYHUTHIBATH
MPEAMETHYIO 00J1aCTh, K KOTOPOU paboTa OTHOCHUTCS;

— o cBa3u Qopmyn u nokymeHtoB (formula id - waenTudukartop
dbopmybl, document id - uneHTUPHUKATOP JTOKYMEHTA, B KOTOPOM COJEPIKHUTCS

> https://library.keldysh.ru/
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dopmyna, tf - monsa gaHHON (OPMYIIBI MO OTHOIIEHUIO KO BCeM (opmyiam B
JTAHHOM JTOKYMEHTE).

[Ipumep pabGoOThI MOUCKOBOM CHCTEMBI TMpejacTaBieH Ha puc. 6. Ilo
3aJJaHHOH B TEKCTOBOM BHUZE (QOpMyse B KOJUIEKIMU OBLJIO HaWJAECHO JBa
JOKyMeHTa (IIPETPUHTA), CCHUIKM Ha KOTOpPbIE BBIJAHBI B KAUECTBE PE3yIbTAaTOB
TIOMCKA.

FormulaSearch MNowck Wetopwa sanpocoe Cnpaeka

NMouck

TeKCTOBLIW BEOA 3arpy3uTb naobpaxeHue HapwcoeaTb

z \rightarrow F(z) = \sum_{n=0}"{\infty} c_{n} * z*{n+1}

Hainti

To4yHOe coBnageHue

®opmyna: z — Fz) = 377 cp * 2™]
OokymeHT: prep2020_24.pdf (cTp. 4)

MNMoxoxxue dpopmynbl

®opmyna:y — Fly) =y+ 3.0 jen xy™H!

OokymeHT: prep2020 78.pdf (cTp. 5)

Puc. 6. [Ipumep paboTHI TOMCKOBOM CUCTEMBI

B nponecce TecTupoBaHus CUCTEMBI ObUIO U3MEPEHO, YTO BpEMs MOUCKA
OKa3bIBaeTcCs B npejenax | CeKyHAbl U 3aBUCUT OT JUIUHBI (HOPMYJIbI-3apoca.

3akiroueHue

B pamkax nanHOW pabOThl MpEUIOKEH MOAXOA K PEIICHUIO 3aJadu
noucka Mo 3aJaHHOM (opMysie TEKCTOB, B KOTOPBIX COAECPXKHUTCS JHOO cama
dopmyna, nmuO0 moxokue Ha Hee. B pe3ynbTaTe HCCIEIOBaHMS Pa3IUYHBIX
METO/IOB HMHJEKCUPOBAHMS, ObLJIO BHIOpAHO NpPEICTaBIIEHWE HMHIEKCA B BUJE
JepeBa TMOJACTAaHOBOK (opMysn €O cchUlkaMu Ha ©0a3y JaHHbIX. Pabota
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MPOTOTUITHOM peanu3anuu CUCTEMBI MaTeMaTU4eCKOTrO MOMCKa
IPOJACMOHCTPUPOBaHA HA TECTOBOW KOJIJICKIIMK JTOKYMEHTOB. B nanpHeimem
IPEIoiaraeTCs PacUIupeHrne KOJUICKIIMU TPONHICKCHPOBAHHBIX TOKYMEHTOB,
nopaboTka uHTEpdeiica cucteMbl Ha MOOMJIBHBIX YCTPONCTBAX M pPaCIIUPEHUS
Habopa npeodpazoBaHul, KOTOPHIE TOMYCTUMBI IIPH COMOCTABICHUU (POpMYII.

Jluteparypa

1. Kohlhase M, Sucan I. A Search Engine for Mathematical Formulae.
Proceedings of the 8th international conference on Artificial Intelligence
and Symbolic Computation. 2006.

2. MathML documentation
https://developer.mozilla.org/en-US/docs/Web/MathML

3. lupoxuii P.B. Cuctema nomcka Hay4HbIX TEKCTOB 10 opmysiaMm — Te3uchl
Jy4lIUX JOUIUIOMHBIX pador ¢dakynerera BMK MI'Y — U3znatensckuii
otnen ¢akyinpbreta BMK MI'Y, 2014

4. Jozet Misutka, Leo Galambos. Extending Full Text Search Engine for
Mathematical Content. Towards Digital Mathematics Library. 2008.

5. Petr Sojka, Michal Ruzicka, Vit Novotny MIaS: Math-Aware Retrieval in
Digital Mathematical Libraries. Proceedings of the 27th ACM International
Conference on Information and Knowledge Management. 2018.

6. [udposas MaTreMaTu4ecKas oubnuoTeka JloGaueBckoro
https://lobachevskii-dml.ru

7. AtaeBa O.M., CepebpskoB B.A., Tyukosa H.II. Iludposas 6ubnuoreka mno
0OBIKHOBEHHBIM JH(pdepeHInaIbHBIM YpaBHEHUAM Ha ocHoBe LibMeta //
Hayunsiii cepuc B cetu MuTepHeT: Tpyasl XIX Bcepoccuiickoil HaydHOMU
koHpepentuu (18-23 centadpsa 2017 r., r. HoBopoccuiick). — M.: UTIM
HM. M.B.Kenaplima, 2017. — C. 21-33. —
URL: http://keldysh.ru/abrau/2017/65.pdf doi:10.20948/abrau-2017-65

8. Mannunr K. JI., Parxasan I1., llltotie X. BBenenne B nHbOpMaIMOHHbIN
nouck. M3narensctBo Bunbsamc. 2011.

References

1. Kohlhase M, Sucan I. A Search Engine for Mathematical Formulae.
Proceedings of the 8th international conference on Artificial Intelligence
and Symbolic Computation. 2006.

2. MathML documentation
https://developer.mozilla.org/en-US/docs/Web/MathML

3. Shirokiy R.V. A System for Formulas Retrieval in Scientific Texts —
Abstracts of best diploma works of MSU CMC faculty — Editorial board of
CMC faculty of MSU, 2014

4. Jozef Misutka, Leo Galambos. Extending Full Text Search Engine for
Mathematical Content. Towards Digital Mathematics Library. 2008.

361


https://lobachevskii-dml.ru/

o)

. Petr Sojka, Michal Ruzicka, Vit Novotny. MlaS: Math-Aware Retrieval in

Digital Mathematical Libraries. Proceedings of the 27th ACM International
Conference on Information and Knowledge Management. 2018.

. Lobachevskii Digital Mathematics Library —https://lobachevskii-dml.ru
. Ataeva O.M., Serebryakov V.A., Tuchkova N.P. Digital library of Ordinary

Differential equations based on LibMeta // Scientific services in the
Internet: proceedings of the XIX Russian scientific conference (18-23
September 2017 r., Novorossiysk). — M.: Keldysh Institute of Applied
Mathematics, 2017. — C. 21-33. —
URL.: http://keldysh.ru/abrau/2017/65.pdf doi:10.20948/abrau-2017-65
Christopher D. Manning, Prabhakar Raghavan, Hinrich Schiitze
Introduction to Information Retrieval — Williams, 2011.

362



	Поиск документов по формулам

