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CIIUCOK NPUHATHIX COKPAILIEHU, OBO3HAUYEHUM
U CUMBOJIOB

LLM — OonbIne A36IKOBBIE MOJIETN
BKP — BeimyckHas kBanuQpuKamoHHas padbora
BTM — BepOSITHOCTHBIE TEMAaTUYECKUE MOJEIN

ARTM — TemaTtnueckoe MOJACIUPOBAHUE C AAAUTUBHON pErysipu3aluei



AHHOTAIMSA

B BeImyckHOM kBanuUKAIMOHHOM padoTe mpeiaraeTcst METoj aBToMaTHue-
CKOM aOCTPaKTHMBHOW CyMMapH3allid U UMEHOBAHUS T€M JJISl KOJUICKIIUU HAYYHBIX
TEKCTOB, COUYETAIOIINN B ce0e TEMaTHYeCKOe MOJEIIMPOBAHUE C aJIUTUBHOMN pery-
JsipU3alel U TeHEepPaTHBHON CIIOCOOHOCTHIO COBPEMEHHBIX OOJBIIMX S3BIKOBBIX
Mozenel. Takke, pacCMaTpHUBAETCsl METOL aBTOMAaTH4YECKOTO OLICHUBAHUS ITOTYYUB-
IIMXCS BAPUAHTOB HA OCHOBE NIAPHOIO CPABHEHUS BapuaHTOB B noaxoae «LLM as a
Judge», ¢ nanpHEHIIMM IOCTPOCHUEM CTaTHCTHYECKOM Mozenu bpamu — Teppu ais
BbIOOPA HAMITYYILIETO BapUaHTA.

KiroueBble €10Ba: TEMaTUYECKOE MOJEINPOBAHNE, OOJIBIINE SI3BIKOBBIE MO-

JIeNIA, MOJIEJIb, KOJUIEKIIUS HAYYHBIX TEKCTOB, Mepa JKakkapa, METOI.



BBEAEHUE

CoBpeMeHHbII POCcT 00bEMOB HAay4YHON MH(GOPMAIUHU 3aTPYyIHSIET OpUEHTa-
LU0 U aHaIU3 OOJIBIIMX KOJUIEKIMI Hay4yHbIX NyOnukauuid. [laxke nmpu Hanuuuu
CHEIUATN3UPOBAHHBIX MOMCKOBBIX CUCTEM U ITU(POBBIX OMOIMOTEK, UCCIIEI0BATEND
CTAJIKMUBAETCS ¢ HEOOXOAMMOCTBIO U3yUYE€HHSI MHOYKECTBA PEJIEBAHTHBIX, HO 00BEM-
HBIX U Pa3HOPOAHBIX TEKCTOB. JTO OINpPEAEIAET aKTyaJbHOCTh 3a]a4 aBTOMaTHye-
CKOT'O aHaJlu3a U CTPYKTYpHUpPOBaHUsI TEKCTOBOU MH(popMaruu. OJTHUM U3 MepCIek-
TUBHBIX HANpaBJIECHUN B 3TOM OOJACTH SIBISIETCS TEMAaTHUYECKOE MOJEIMPOBAHUE,
MO3BOJISIIOLLEE BBISBISITh CKPBITBIE TEMATUKU TEKCTOBBIX KOJUIEKIMHM M (HopMHUpO-
BaTh UX KPATKUE UHTEPIIPETALMU O€3 NPUBIICUEHUS PYUYHOU Pa3METKH.

Temarnyeckoe MOAECIUPOBAHUE OTHOCUTCS K METOJaM MAIIMHHOTO 00y4YeHuUs
0e3 yuuTens 1 MpeacTaBisieT coO00M MOCTPOEHUE BEPOSITHOCTHBIX MOJIENEH, OIUCHI-
BAaIOILIMX pacnpeieJIeHUEe TeM M0 JOKyMEHTaM U cJIoB 1o TeMaM. OJIHUM U3 COBpe-
MEHHBIX M aKTUBHO PAa3BHUBAEMBIX MMOAXO/IOB SIBJIIETCS METOM aJJAUTUBHOW PEryis-
puzaruu Temaruueckux mozeneit (ARTM), no3Bossitonyii rTriOKO yIpaBisiTh CBOM-
CTBaMHU MOJIENH, yAy4dllaTb UHTEPIPETUPYEMOCTh TEM U YCTOWUYMBOCTH PE3yJIbTa-
TOB.

Jpyrim MOIIHBIM HHCTPYMEHTOM aHAJIN3a U TeHEPallui TEKCTOB BBICTYIAIOT
oonpime s3pikoBBIe Monenu (Large Language Models, LLM), nponeMoHCTpupo-
BaBIIME BBICOKYIO 3(P(PEKTUBHOCTH B 3a/lauax CyMMapu3allud, TeHepaluu aHHOTa-
uui, nepedopMyIMpoBaHUS U JIOTUUECKON MHTepHpeTanuu Tekcta. Hecmorps Ha
MX BbIpa3suTeIbHOCTh, LLM Xapakrepu3yroTcsi BBICOKOM BBIYMCIUTEIBHOW 3aTpar-
HOCTBIO U OTPAaHUYEHUSIMU Ha JUIMHY BXOAHBIX JTaHHbIX.

AKTyaJIbHOU 3a/1a4€#, BO3HUKAOLIEN MPH UCIIOJI30BAHUHN TEMATUYECKNUX MO-
JieNiel, SIBISIeTCS aBTOMATHIeCKoe MMeHOoBaHue TeM (topic labeling) u ¢popmupona-
HUE KpaTKUX OMUCaHMM (topic summarization), 4TO MO3BOJISAET CAEJIaTh MOJEIb 00-

Jie€ TIOHSATHOM M IMOJIC3HOU JJIA I10JIb30BaTCIIA. 3a):[aqa CyMMapun3anu OTACIbHBIX
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TE€M, B OTJIMYKE OT KJIACCUYECKON MHOTOJOKYMEHTHOM CyMMAapH3alu, 10 CUX TOp
HE IOJIy4YnsIa JOCTAaTOYHOTO BHUMAHUS B HAyYHOU JIMTEPATypE.

Llenpro uccnenoBaHus SIBISIETCS pa3padOTKa U SKCIIEPUMEHTaIbHAS TPOBEPKA
MeTo/1a a0CTPaKTUBHOM CyMMapU3alii 1 HMEHOBaHUS TeM, 00BEeIMHSIONIETO B ce0e
METO/IbI TEMATUYECKOTO MOAEIUPOBAHUS C aIIUTUBHOMN PETYIIApU3ALMEH U TeHEepa-
TUBHOM CITIOCOOHOCTBHIO OOJBIINX S3BIKOBBIX MOJIETIEH.

OOBexTOoM HCCe0BaHuUS ABISIOTCS TEMAaTHYECKUE MOJIEIH, ITOCTPOCHHBIE Ha
KOJUIEKIIMM HAay4YHBIX TEKCTOB, a TAKXKE OOJIBIINE SI3bIKOBBIE MOJIEIH.

IIpenmeT uccienoBaHns — METO/IbI aBTOMATUYECKOTO UMEHOBAaHUS U CyMMa-
puszanuu TeM ¢ ucnonb3oBanuem ARTM u LLM.

MeTtoap! HcclleOBaHNS BKIIFOUAKOT: TEMATUYECKOE MOJIEIMPOBAaHUE, MTOJIyYe-
HUE€ BEKTOPHBIX BIIOKCHUHM TEKCTOB U X KJIACTEPU3ALINIO, TEHEPALIUIO TEKCTOB C UC-
nons3oBaHueM LLM, a Takke aBTOMaTHYECKYIO OLICHKY Kaue€CTBA N'eHEPaIvid.

[IpakTHueckast 3HAYMMOCTh JAHHON pabOThI 3aKIII0YaeTCs B pa3pabOTKe HO-
BOT'O MOAX0/1a K CYMMapH3alii U UMEHOBAHUIO TEM, HAITPABJIEHHOTO Ha ITOBBILIEHNE
MHTEPHPETUPYEMOCTH PE3YJIBTaTOB TEMATUYECKOTO MOJEIMPOBAHMS MPU AHAIIN3E
TEKCTOBBIX KOJUIEKIMU. [IpennoxkeH Takke MeTo] aBTOMATHYECKOW OIIEHKU Kaye-
CTBa reHepaluii 0e3 MPUBJIEUEHUS KCIEPTOB, YTO J€JIaeT BO3MOKHBIM MACILITA0u-
pyemoe npumenenue. [lomyueHnHslie peneHuss MOTyT ObITh BOCTpeOOBaHbI B CUCTE-
Max Hay4yHOU aHaJMTUKH, TU(POBBIX OUOIHOTEKAX, 00pa30BaATENbHBIX IIIATHOPMAx

N UHTCJUICKTYAJIbHBIX ITOMCKOBLIX CUCTCMAX.



PA3JEJ I
MOCTAHOBKA 3AJIAUM

HecmoTps Ha akTMBHOE pa3BUTHE TEMATHYECKUX MOJEIIEN U A3BIKOBBIX MOJIE-
JIel B MOCTIEAHKE TO/bl, MPOOeMa reHepalii YeJI0BEKOIOHATHRIX Ha3BaHUM U OIH-
CaHUM T€M OCTAaETCS HEAOCTATOYHO M3YYEHHOU. AHAIN3 HAYYHOH JIUTEPATYPHI IO-
Ka3aJl, YTO MOJXOJbl, OObEIUHSIIONINE BEPOSTHOCTHBIE TEMATUYECKUE MOIEIH U
Oonbiue Aa3bikoBble Moenu (LLM), He mony4uiiu 10CTaTOYHOTO BHUMAHMS B Hayy-
HOW JIUTEPATYPE.

[enbto uccnenoBaHus SBISETCS pa3pabOTKa U SKCIIEpUMEHTaIbHas IPOBEpKa
MeTo/1a a0CTPaKTUBHOM CyMMapH3allii U MUMEHOBaHUS T€M, 00bEIUHSIONIETO B ce0e
METO/IBI TEMATUYECKOTO MOJAEIUPOBAHUS C aJIUTUBHOMN PETYJIApU3ALEH U TeHEpa-
TUBHOMW CITOCOOHOCTHIO OOJBIINX S3BIKOBBIX MOJICTICH.

JUIst TOCTUKEHUSI TOCTaBICHHOW LeTTM HEOOXOAUMO OBLJIO PEUIUTh CIIEAYIO-
ue 3a1a4u:

— HM3yunuth TE€OpeTHUYECKHE OCHOBBI TEMAaTHYECKOIO MOJIEIUPOBAHUSA U Me-
TOJOB T€HEPAILIUH TEKCTOB C ToMONIp0 LLM.

— IIpoananu3upoBaTh CyIIECTBYIOLIME MOAXOABl K ABTOMaTHYECKOMY MMeE-
HOBAaHMIO U CyMMapHU3aluy TEM.

— IlocTtpouts TeMaTH4eCcKyt0 MOAEINb ¢ ucnosnb3oBanueM ARTM Ha kosuiek-
LW HAYYHBIX TEKCTOB.

— PeanuzoBare anroputM, 0ObeAUHSIOUUN pe3yJIbTaThl TEMAaTHYECKOTO MO-
JIEIIMPOBAHUS U TEHEPATUBHBIE BO3MOXKHOCTH LLM 111 reHepanyu Ha3BaHUN TEM U
MX OMHUCAHUU.

— Pa3zpaborarh aBTOMaTU3UPOBAHHBIN METOJ OLICHKM Ka4eCTBA reHEpaIlii
0€e3 IpHUBJIEYEHUS IKCIIEPTOB.

— IlpoBecTn 3KCIEPUMEHTANIBHYIO NIPOBEPKY KadecTBa IPEIJIOKEHHOIO

MOJIX0/1a Ha KOPITyCE HAy4YHBIX MyOIHKaIU.
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OOBeKTOM HCCIIeI0OBaHMS IBJISIFOTCS TEMaTUYECKUE U A3BIKOBBIE MOJIEIH, IPU-
MEHSIEMBIE K KOJUIEKIMSAM HAy4YHBIX TEKCTOB.

IIpenmeToM HcClIeqOBaHUs BBICTYNIAIOT METOABI ABTOMaTHYECKOIO0 MMEHOBA-
HUs U CyMMapHU3aluy TeM, OCHOBaHHbIe Ha uHTerpauu ARTM u LLM.

HayuHnast HOBU3HA UCCIIEIOBAaHUS 3aKJIIOYAETCA B CO3MAHUM METOIa CYMMapu-
3allid ¥ UMEHOBAHUS TEM C MCIOJIb30BAHUEM COBMECTHOM pabOThl TEMaTHUYECKUX

moznene 1 LLM, u olleHuBaHUEM pe3ynbTaToOB 0€3 MPHUBICYEHUS IKCIIEPTOB.



PA3JIEJ 11
OB30P CYIIECTBYIOUUX PEIIEHUI PACCMATPUBAEMOI
3ATAYN

2.1 O030p TeopuM BePOSATHOCTHBIX TEMATHYECKUX MO/eseil

[Iycte D — KOHEYHOE MHOXECTBO TEKCTOBBIX JOKYMEHTOB, W — KOHEYHOE
MHOXKECTBO BCEX yMOTPEOIIEMBbIX B HUX TEPMOB, I — KOHEUHOE MHOXECTBO TEM.

TakuMm 00pazoM, Kaxblil JOKYMEHT d € D siBIsieTCs MOCIIe0BaTeIbHOCTHIO
TEPMOB d = {Wj, ..., Wy}, T11€ n(d) — KOINYECTBO TEPMOB B JOKyMeHTe d U w; € W.

Bynem Ha3wpIBaTh MOCIIENOBATENLHOCTD TPOEK (W), dj, ¢;) KOJJIEKIIUEH TOKYMEH-

TOB:
.Qn = {(Wildilti | [ = 1, ...,n)} (21)

Onpenennm Ha4aabHbBIEC TUMTOTE3bI:
— I'mnoresa «memnka cioBy:
bynem cuurarh, 4TO OPSAIOK TEPMOB B IOKYMEHTAX HE UMEET 3HAYCHUS IS
ONpPEAEIICHUS TEMATUKH, YTO TO3BOJISIET PACCMATPUBATh KAXKIBIA JOKYMEHT, KaK
MYJIBTHMHOXECTBO — MOJAMHOXKECTBO TePMOB d C W, B KOTOPOM KaKAbli TEPM W
€ d TIOBTOPAETCS Mgy PA3.
— T'unoresa 0 BEpOSATHOCTHOM MOPOXKICHUN JTAHHBIX
MmuoxecTBO 2 = D x W X T gBAsieTCSI KOHEUHBIM BEPOSTHOCTHBIM IIPOCTPaH-
CTBOM C HEHM3BECTHOW (YHKIIMEH BepoATHOCTU p(d,w,t). Bribopka Tpoek Buia
(d;,w;t;) sIBIsIETCS KOJUIeKIuen NoKyMeHTOB Komekius TOKyMeHTOB 3TO BBHIOOpKa
TPOEK BUAA (d;, w;t;), MIOPOKAAEMBIX CIIyHYaHO U HE3aBUCHUMO JIPYT OT ApYyra U3 pac-
npeaeneHus p(d,w,t).

— I'mnoresa ycnoBHOM HE3aBUCUMOCTH.
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[losiBneHue TEPMOB B JOKYMCHTC I10 TEME { 3aBUCUT OT TEMbI, HO HE OT JOKY-

MEHTA, U OTMMCHIBAETCS OOIINM JUISI BCEX IOKYMEHTOB pacIpeeieHueM p(w|t):

p(wld, t) = p(w|t) (2.2)

CormnacHo ¢opMyIie MOHON BEpOSTHOCTH U TUIIOTE3€ YCIOBHOM HE3aBUCUMO-
CTH, paclpe/iesieHue TEPMOB B JOKYMEHTE OMMUCHIBAETCS TP MOMOIIH pacipenesne-

HUM TCPMOB B TCMaxX U TCM B JOKYMCHTAX:

p(wld) = Xpwlt,d) - p(tld) = X p(wlt) - p(t]d) (2.3)

BBeneM HOBbIe 0003HaUCHUS U TiepenuiieM GpopMyiy:

p(wld) = Xt @wr * Oq (2.4)

BepostaocTtHast Mmonens (2.4) onuChIBa€T MOPOKIAECHUE KOJUIEKIIMH IO U3BECT-
HBIM pacIpeieICHUSIM.

3agauell TEeMaTUYECKOTO MOJEIUPOBAHUS SBISIETCS 10 3aJJaHHON KOJUIEKIINHU
JTOKyMEHTOB D TpeOyeTcs HaTh @,y U 04, IPU KOTOPHIX BEPOSITHOCTHASI MOJIEIb

XOPOILLIO NMPUOIMKAET YACTOTHBIE OLIEHKH YCIOBHBIX BEPOSATHOCTEH:
b(wld) = = v 2.5
pwld) = paw =7~ (2.5)

TaK)Ke, 3aJladyy TCMATH4YCCKOTO MOJACIMPOBAHHA MOKXHO pPaCCMATpPpUBATL KakK
3a1a9y HpI/I6J'II/I)KeHHOFO HHU3KOPAHI'OBOI'O CTOXACTHYCCKOIO MAaTPpHUYIHOI'O Pa3JI0iKC-
HUA.

[lepenumiem (2.4) B MATpUYHOM BHJIE:

P~ ¢0 (2.6)
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Marpuia P pazmepoB |W| x |D| coCTOMT U3 4acTOT TEPMOB B JIOKYMEHTaX,
Matpuma @ pasmepoB |W| X |T| cocTouT U3 4acTOT TEPMOB OTHOCUTEIHHO TEM, U
Matpuiia @ pazmepos |T| x |D| cocTOUT U3 4aCTOT TEM B JOKyMEHTaX.

Bo Bcex Tpex Marpumax cToiaOmbpl HEOTPHUIIATEIIBHBI, HOPMHUPOBAHBI M OTIPE-
JEJISIOT TUCKPETHBIEC BEPOSATHOCTHBIC pactpeneneHus. Takue MaTpuIiia Ha3bIBalOTCS
CTOXaCTHYECCKUMHU. PaHT MpaBol 4YacTH HE TPEBHIIAECT YMCIa TeM, KOTOPOE BO
MHOTO pa3 MEHbIIIC KOJTMIECTBAa TEPMOB U JOKYMEHTOB, a B JIEBOM YacTH MaTpPHIIa, B
oO011eM city4yae, UMeeT MOJIHbIN paHr. Takum oOpa3om, matpuiia P, B 001iem ciyuae,
UMEET MOTHBIN PaHT, TO3TOMY HE MOKET OBITh B TOYHOCTH PABHATHCS MPABON YaCTH.

3anuiieM 4acTOTHBIC OLCHKHN YCJIOBHBIX BepOﬂTHOCTCﬁI

p(d,w) == (2.7)
p(d) = (28)
p(w) = (29)
p(wld) =2 (2.10)

B dopmynax (2.7) — (2.10) ndw — uucio BXOXKIeHUN TepMa W B JOKYMEHT d,
nd — quHA ToKyMeHTa d B TepMax, NW — KOJTMYECTBO BXOXKICHUN T€pMa W BO BCE
JIOKYMEHTBI KOJUICKIIUM, N — JIJTMHA KOJUUIEKI[MU B TEPMax.

YacTOTHBIE OLIEHKHU YCIIOBHBIX BEPOATHOCTEM, CBSI3aHHBIE CO CKPBITOM Iepe-

MEHHOM t:
p(t) = % (2.11)

p(wlt) = 2.12)
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p(tld) = (2.13)

n

p(t|d,w) = 2t (2.14)

Ndw

B popmynax (2.11) — (2.14) ntdw — KoTu4eCTBO TPOEK, B KOTOPHIHA TEPM W U3
nokyMeHTa d cBs3aH ¢ TeMoil t, ntd — KOTMYECTBO TPOEK, B KOTOPBIX TEPMBI JTOKY-
MeHTa d CBsI3aHBI C TEMOH t, N'Wt — KOJIMYECTBO TPOEK, B KOTOPHIX TEPM W CBSI3aH C
TEMOMU t, Nt — YUCIIO TPOEK, CBSI3aHHBIX C TEMOM t.

3ameTuMm, 4To BCe OleHKH (2.11) — (2.14) MOKHO BbIpa3uTh uepe3 ntdw:

Negw = Nawb (t]d, w) (2.15)

Nea = Zw Neaw = 2w NawP (t|d, W) (2.16)
Ny = LaNeaw = 2a NawP (t|d, W) (2.17)
N = Xa Xow Ntaw = 2d Lw Nawb (t|d, W) (2.18)

3aiaua Ha3bpIBAETCsl KOPPEKTHO MOCTABICHHOM 110 A JamMapy, €CJIH €€ pelIcHHe
CYIIECTBYET, CAMHCTBCHHO M YCTOMYHMBO. 3a/jaua HU3KOPAHTOBOTO CTOXAaCTHYECKOTO
MaTPUYHOTO PA3JIOKEHHMS SIBIIACTCS HEKOPPEKTHO MOCTABJICHHOM, TaK Kak B 00IIeM
Cllydae pPEIICHUH CymecTByeT OCCKOHEYHO MHOTO: eciu PO — pemieHue, To U
(@5)(S710) — pemenne, ecau S — HEBBIPOKIEHHAS U TIPU YCIOBHMH, YTO MaTPHULII
S0 u &S — croxactuueckue.

AJUTATHBHAS PETYIISIPU3AINS TEMATHICCKUX MOJIEJIeld OCHOBaHA Ha MAKCHMH-
3a1uy Jorapudma mpapaanonodus u peryisapusaropoB R; (P, @) ¢ HeoTpHuLaTeb-
HBIMH K03(p(pHIIMEHTaMU pETyISIpU3aIniH Ti, ¢ OTPAaHUYCHUSIMU HEOTPHUIIATEITHHOCTH

Y HOPMHUPOBKU:
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YadwNawInd:0,:0:qy + R(®,0) - max (2.19)
R(®,0) = ¥ 1;R;(®,0) (2.20)

dYwPwt =1, 0, =0 (2.21)

3. 0,0=1,0,4=>0 (2.22)

Perynsipuzatopsl HE0OOXOIUMBI 1J1s1 JOOTPENETICHUS 3a]]a4u, IPY TOMOITH J10-
OaBJIeHHsI K OCHOBHOMY KPUTEPHIO JIOMOJHUTEIBHBIX KpUTepueB. Perynspuzaropsl
MTOMOTAIOT YUUTHIBATh CIICM(PUKY PEITacMON 3a7aud W 3HaHUS TTPEIMETHOHN 001a-
CTH.

Teopema 2.1. ITycts dyukims R (P, ) sBusiercs HenpepbiBHA U PEepeHITU-
pyema. Toeoa mouxa (@, ©) nokanrvnozo sxcmpemyma 3adaqu (2.19) ¢ oepanuuenu-
amu (2.21) — (2.22) yoosnemeopsiem cucmeme YPAGHEHUL CO 8CNOMO2AMENbHbIMU

nepemMeHHbIMU Puaw= p(t|d, W), eciu uz pewenus uckmouums Hyjlesvle CMoadYyvl

mampuy D, 0
Praw = normy(Py¢6iq) (2.23)
OR
Pwt = norm,, (nwt + Pt W) y Ny = Zd NawPtaw (2-24)
wt

OR
Ocq = norm, (ntd + Otq W) Mg = Lw NawPrdw (2.25)

td

Jloka3aTenbCTBO TAHHOM TeOopeMbl MpUBOAMTCS B [1].
JUis BBIYMCIEHUS MAapaMeTpPOB MOJEIM HCIOJb3YETCsl PEryisipu30BaHHbIN

EM-anroputwm:
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BriOuparotcst HauanbHbIC MPUOTHMKEHUS @y, O g
[TpousBoasTcs BerurcaeHus no gopmyne (2.24)

[TpousBoasaTcs BeauciIeHuUs 1Mo dhopmyse (2.25)

M W o

[ToBTOpATH m1aru 2) — 3) noka peleHne He Conaercs.

2.2 O030p TeopuM HelpoceTeBbIX Mojeel A5 pemennst 3aga4d NLP

B manHOM paszgene OymyT pacCMOTPEHBI MEXaHW3Mbl BHUMAHUS U apXHUTEK-
Typa Transformer HEHpPOHHBIX CETEH, MpeTHAZHAYCHHBIX JJI PEIICHUS 3a/1a4 00pa-
OOTKH €CTECTBEHHOTO s3bIKa [2—4].

[Ipu 0OpaboTKe €CTECTBEHHOTO S3bIKAa BAXKHBIM ATAllOM SIBIISCTCS BBIOOD
MIPE/ICTABIICHUS CJIOB B BEKTOPHOM MPOCTPAHCTBE — peain3alivs BEKTOPHBIX BIOXKe-
Huii (embeddings). BioxkeHue cioBa — 3TO BEKTOP HEKOTOPOM pa3MEpPHOCTH C Bellle-
CTBEHHBIMU KOMITOHEHTaMH. KOMIOHEHTHI 3TOTO BEKTOpa MOAOUpAIOTCS Ha HTare
oOydeHus1, TaK, 9YTOObI OJIM3KHE, B CEMAaHTHYSCKOM CMBICIIC, CIIOBA, HAXOIUJIUCH
OJTM3KO M B BEKTOPHOM ITPOCTPAHCTBE.

[Ipu mocTpoeHnr BEKTOPHBIX BIOKEHHU CIIOB CYIIECTBYET MpoOieMa Heol-
HO3HAYHOCTH 3HAYCHHS M3-3a KOHTeKcTa. K mpumepy, B3sSB UCKITIOYUTEIHHO CIIOBO
«3aMOK» HeJb3sl OJJHO3HAYHO OMpPEACIUTh €ro cMmbici. Ho ecaum Mbl paccMOTpuM
CJIOBO B KOHTEKCTE I€JI0TO MPEAJIOKEHUS, K TPUMEPY, «JIBEPb HE OTKPHIBACTCS, BU-
JTUMO, TTOJIOMAJICSl 3aMOK» — MBI IOHUMAEM, 4TO pedb 37€Ch IBHO HE TIPO 3/IaHNE.

Mexanu3m BHUMaHUsI OOHOBIISIET BEKTOP BIIOKEHUS KaXKIOTO CIIOBA, 100aB-
J15151 K HeMy uH(GOpMaIuio 006 OKpY>KEHHH 3TOTO CJI0Ba, TEM CaMbIM, ITIOMOTasi PEIIUThH
po0eMy HEOTHO3HAYHOCTH.

ITyctb ecTh Tpu Matpuibl: Q — MaTpuiia 3anpocos (query), K —Mmarpuna kito-
yeii (key), V — marpuiia 3Hauenuit (value). Toraa GpyHKIMI0 BHUMaHUS MOXXHO OTIpe-

JIEUTH CIICIYIOIINM 00pa3oM:

Attn(Q,K,V) = softmax (QQ’;T) v (2.26)
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Omnepauus softmax NpUHUMAET HA BXOJl BEKTOP U3 JIEUCTBUTEIBHBIX YUCET U
IIPEBPAILAET €r0 B BEKTOP pacIpeiesieHus BEPOSATHOCTEH, CyMMa KOTOPBIX paBHA

CIUHUILIE:

e*i

Yie*i

softmax(x;) = (2.27)

PaszmepHoctn Bcex marpur ecte N X E, rae N — KOJIMYECTBO BEKTOPOB BJIO-
YKEHUU JUIS CJIOB IIPEMIIOKEHUS, £ — pa3MEPHOCTh BEKTOPA BIIOKCHUM.

PaccmoTrpum Tenepb MexaHu3M camo — BHUMaHus (self-attention):

vvT
Atnn(V,V,V) = softmax (W) -V (2.28)

CaMOBHUMAHHE IT03BOJISICT MOACIN ONPCACINTL BAXHOCTDH Ka)I(I[Of/'I qaCTu
BXOHHOﬁ IMOCJICAOBATCIIbHOCTH OTHOCUTCIIBHO BCEX CJIOB B IIPCAJIOKCHUHU, YTO I103-
BOJIICT YYCCTh KOHTCKCT.

CHGI[YIOH_II/IM Ba’KHBIM 3TallOM pa3BUTHUA MCXaHUM3Mad BHUMAHUA CTAJIO n300-

pEeTeHUsI MeXaHnu3Ma MHOTOToJI0Boro BHUMaHus (multihead attention):

MultiHead(Q,K,V) = Concat(hy, ..., hy) - W° (2.29)
h; = Attn(Q - W, K - WX,V -w)) (2.30)

Kaxxnas ronoBa /; pabotaeT co CBOEH 4acThIO BXOJHOM MOCJIEI0BATEILHOCTU
pasmepa E/H, tne H — konudecTBo royioB. [l MogaHHBIX Ha BXOJ MATPHIT IIPOH3BO-
JUTCSI TUHENHOE TpeoOpa3oBaHme, a ajee, BCe /; KOHKATCHUPYIOTCS MEXITy coOO0Mn
¥ TIPeo0pasyroTCs IIPU MOMOLIM MATPUYHOTO YMHOMXEHHS Ha WY, U Ha BBIXOJE I10-

JIy4dacTCda UTOroBas Marpuiia.
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Taxum 006pa3om, MHOTOT0JI0BO€ BHUMaHUE OOpaliaeT BHUMaHUE Ha pa3HbIe
YaCTH BXOJHOM MOCIEN0BATEIBHOCTH, YTO MO3BOJIIET MOJAEIH JIy4IIE U3BICKATh JIO-
KaJbHYI0 HH()OPMALIHIO O KOHTEKCTE.

[epeiineM K pacCMOTPEHUIO apXUTEKTYPhI IITyOOKOM HeHpoHHOM ceTu Trans-

former:

Output
Probabilities

Add & Norm

Feed
Forward

|
Add & Norm
goci&hion Multi-Head
Feed Attention
Forward T 7 Nx o
™ [1+]
[3} “ g
3 N Add & Norm =9
® * | —~{ Add & Norm Moskod e
s < Multi-Head Multi-Head )
'g Attention Attention E,"
2 L J it %
L \_ J —
Positional & A Positional
Encoding ¢ Encoding
Input Cutput
Embedding Embedding
S t ‘l =
Inputs Outputs
(shifted right)

Pucynok 2.1 Apxurekrypa Transformer

Uctounuk: [11]

Apxutektypa Transformer cocTOUT M3 ABYX 4YacTei: PHKOJEpa U JIeKojaepa.
YcrpoticTBa Gi10Ka SHKOIEpa MPECTABICHO HA CXEME CJIeBa, YCTPOUCTBO OJIOKa Jie-
KoJIepa MPEACTaBICHO Ha MPaBOil YaCTU CXEMBI.

PaccmoTrpum noapoGHee CTpyKTypy HKOoAEp Oyioka:

Ha Bxon snKkonepy nomaercs ten3zop pasmepa N x B X E, rne N — KOJIM4E€CTBO
CJIOB BXOJHOM MOCJIE0OBATENbHOCTH, B — YHCIIO MPUMEPOB, KOTOpble 00padaThIBa-

I0TCSL OJTHOBpEMEHHO (pa3mep Oarda), £ — pa3MepHOCTh BEKTOPOB BIOKECHHIA.
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[Tone3Hno yuuThiBaTh euie U MHGOPMALIUIO 0 MOBOAY TOJOKEHUS CJI0Ba BO
BXOJHOM TIOCJIEIOBATEIILHOCTH, IIOATOMY B apXHTeKType Transformer ucronb3yercs
MO3UILIMOHHOE KoJupoBaHue. B ctarhe [2] UCTIONB3YIOTCS CIAEAYIOMINUE MO3UIIMOH-

HBIC BJIOKCHHA .

PosEmb(pos, 2i) = sin (Lszi) (2.31)
10000E
PosEmb(pos,2i + 1) = cos (LSZ_i) (2.32)
10000E

[Tomy4deHHBIE TO3UITMOHHBIE BIOXKEHHUS CKIIAABIBAIOTCS CO BXOAHBIMU BIIOXKE-
HUSIMH Y TIOIAIOTCS AJIbIIIE 110 CETH.

Jlanee, MpUMEHSETCS MHOTOTOJIOBOE CaMOBHHUMaHHE, ¢ HAOOpaMu MaTpuil
npeoOpasosanuii W, WX, W."u WO, tne i €/1, H], H— xonudecTBo rojos. Jlaee
pe3ynbrar nepeaaetcs B cioil Add&Norm, koTopslii paboTaeT cieayromum oopa-
30M: BBIXOJ] MHOTOTOJIOBOTO BHUMAHUS CKIIAJBIBAETCS C HCXOIHBIM TEH30POM U HOP-

mupyercs npu nomouu LayerNorm:

x—E[x]

JVvar[x]+ e vt ﬁ

LayerNorm(x) = (2.33)

rne E/x] — marematudeckoe oxuaanue, Var/x] — nucnepcus, 3, [ — obydae-
MBI€ MTApaMETPBhI, £ — HEKOTOPOE MAJICHBKOE YHCII0, HEOOXOIUMOE JIJIsl TOTO, YTOObI
n30exarh JieJieHue Ha HOJIb.

[Tony4uBliencs TEH30p IOCTYNAET Ha BXOJA MOJHOCBA3HOIrO ciosi FEN ¢

JIByMsI JINHEWHBIMU TIpeo0pa3oBaHusIMU U (GyHKIIMEH akTuBauu RelU:
ReLU(x) = max (0, x) (2.34)
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Jlanee BBIXOJ MOJIHOCBSI3HOTO CJIOS TOAAETCsl Ha BXOJ ciot0 Add&Norm, e
OH CYMMHPYETCsI C UCXOIHBIM TEH30POM M HOpMHUpYETCs pu nomowu LayerNorm.
Taxum oOpa3zoM, momyyaercst TeH30p UCXomHou popmbl N X B X E.

PaccMotpuM ycTpoiicTBo 610Ka JeKoaepa:

[lepBoHauanbHO, HA BXOJ OJIOKY MO/Ia€TCsl BXO/IHAS LIeJIeBasi OCIEI0BaTeNb-
HOCTbB JIJIs1 KOTOPOU BBIUUCIIETCS €€ MOCIEA0BATEIbHOCTh BEKTOPOB BIIOKEHHM JIJIs1
KaKJI0TO CJIOBA.

3arem, MOITYUYMBIIHICS pe3yIbTaT CKIAIBIBAETCS C MMO3UIIMOHHBIMU BIOXKEHU-
SIMH JIJ151 U3BJICYEHUS TOTIOJTHUTENBHONU HH(POPMAIIUU O TTO3UIIMU KaK]IOTO CJIOBA, U
OTIIPABJISIETCS HA BXOJ CIEAYIOIIEMY CIIOIO.

Jlanee, BEKTOpHI IIONAIOTCA HAa BXOJ CJIOK MHOIOIOJIOBOIO BHHUMAaHUSA [UIA
YTOYHEHUS] KOHTEKCTHOTO CMbICIIA CJIOB, HO B OTJIMYHMH OT MOAOOHOTO CJIOS B YHKO-
Jiepe, JaHHBIN CI0W MPUMEHSIETCSI ¢ MACKOM.

OO6cynum mogpoOHee MpUHIUMI MackupoBaHud. [lepBbiii citydaii, Korjga mc-
MOJIb3YETCA MAaCKUPOBaHHUE — (DOPMHUPOBAHUE MTOCIIEI0BATENBHOCTH BXOIHBIX MPE-
JIO’)KEHHM, KOTOPhIE UMEIOT pPa3Hble JUIMHBI. TOraa NMpemyioKeHHs IJIMHbl MEHbIIIE
MAaKCUMAaJIbHOM JUIMHBI NMPEIJIOKEHNS B 3TOW MOCIENOBATEIBHOCTH, 3aMOIHSIIOTCS
ciykeOHbIM TokeHOM <PAD>, ¢ BbiaeneHHbIM emy uHaexkcoM 0. [{ns Toro, yToOsb
HEHWpOHHAas CeTh HE oOpalana Ha HUX BHUMAaHUE, UCIIONB3YIOTCS MackKa, KOTopas
cTaBUT 3HaueHue True Tam, rae crouT TokeH <PAD> u False B unom ciyqae. Tex-
HUYECKH, 3TO 03HaYaeT, uTo B Marpurle O * K B KOJOHKaX Kirodeit s ciaoB <PAD>
OyZleT CTOATh 3HAYEHUE —inf, TaK KaK IMOCJE MCIONb30BaHus (PyHKUUU softmax, B
JAHHBIX TO3ULMIX OyneT cToATh 0.

Bropoii ciydail — Korjja Moeny Hellb3sl UCIOJIb30BaTh HH(POPMAITUIO, 3arJIs-
npiBas B Oyaymiee. K npumepy, mycTh Ha ouepeHOM Iare B OJ0Ke Jaekoaepa Obll
00paboTaH TOKEH W;, TOT/Ia HEMPOHHAs CETh UMEET MTPaBo 00padaThIBaTh BCE TOKEHbI
10 Wi, ...,Wi.;, HO TOKEHBI CTOSAIINAE TIOCIE I-Or0 MOJAENb HE NOJKHA BUAECTh. TexXHU-
YECKH, 3TO PEATU30BBIBAETCS YEPE3 3aMEILCHUE BCEX 3JIEMEHTOB BBIIIE JUATOHAIIN

B Matpurie O * K Ha —inf.
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Takum 00pa3zoM, pe3ynbrar A00aBICHUS MO3UIIMOHHBIX BIOKEHUN K HCXO-
HBIM BJIOKE€HUSIM MOJAETCS Ha BXOJ] MACKUPOBAHHOMY MHOTOTOJIOBOMY CAMOBHUMAa-
HUI0, JJaJiee BBIXOJ CYMMUPYETCS CO BXOIOM U HOpMUpYeETCs B cioe Add&Norm.

Jlanee, HaYMHAET CBOIO PadOTy ellle OAWH OJIOK MHOTOIOJOBOTO BHUMAaHUS,
I7ie B KauecTBe 3anpoca (Marpuia (J) BEICTYNAEeT BBIXOJ MPEIbIAYIIETO CI0sl, a KITt0-
yamu U 3HaYeHUsIMU (MaTpuilbl K, V) BBICTYIalOT BBIXOABI SHKOJEpa. BbIxon cHoBa
CYMMUPYETCsI CO BXOJIOM U HopMmupyetcs B cioe Add&Norm.

B okonuanuu Gio0ka nexomepa paboTaeT CIoi MOTHOCBSI3HOW CETH U3 JIBYX
cioeB ¢ pynkuueit akruBauu Rel U (aHATOTUYHO SKHOEPY ).

TakuMm 00pa3oM, MMpHU MOMOILK COBMECTHON pabOThI OJI0Ka SHKOJAEpA U AEKO-
nepa popmupyercs 6ok Transformer. Takux 6J0KOB MOXKET OBITh HECKOIBKO, OHH
HACJIaWBarOTCA APYT HA Apyra. B OKOHYaHWM, CTOUT JIMHEVUHBIN CIIOM pa3MEPOM COB-
MaJIAl0IINM C pa3MePOM cIoBaps ¢ PyHKIMENH aKTUBAILIUU SOftmax, il BBIYUCICHUS
CJIEYIOIIETO TOKEHA JJIsl TEHEePallUH.

OTMeTHuM, 4TO ONMKMCaHHas cxema padOoThl MPEACTABISIET COOOM cXeMy ATara
oOyueHus, BO BpeMsi KOTOPOTO, ITy00Kasi HeWPOHHAs CETh YTOUHSIET CBOU Beca MpH
MOMOIIM PELIEHUs 3a/la4l MAIIMHHOTO nepeBoaa. Ha Bxox Onoky sHKozaepa moja-
eTCsl IPEIJIOKEHUE Ha OHOM SI3bIKE, HA BXOJ OJIOKY JIeKO/iepa MOJAETCs MPeaJIoxKe-
HUE Ha JIPYTOM SI3bIKE, IIEPEBOJ KOTOPOTO, MOAEb U AOJKHA CTEHEPUPOBATD.

B pexume undepenca (evaluate) MoxkeT BKIItoYaTh B ce0s Kak paboOTy JUIIb

OJTHOTO U3 OJIOKOB, TaK U UX COBMECTHYIO paloTYy.

2.3 Pemienne 3a1au UMEHOBAHMS TEM U CyMMAPHU3aIUU.

OnHUM U3 KITIOYEBBIX BBI30BOB MPU UCTOJIb30BAHUU TEMATHUYECKUX MOJIETEH
SBJISIETCS HEOOXOAMMOCTh MHTEPIPETAIIUN BBIJICICHHBIX TeM. TpagulliOHHO KaXK-
Jlasi TeMa MpeACTaBISIeTCsl CIIMCKOM Hanbosiee BEpOSITHBIX CIIOB, OHAKO MOJ00HOE
MPEACTABIECHUE YaCTO OKA3bIBAETCS HEAOCTATOYHBIM JJIsl TOYHOTO TOHUMAHHUS TEMBbI
yesioBekoM. [ToaToMy 0coboe BHUMaHUE B HAYYHOU JIUTEparype yAeusieTcs 3agadam

ABTOMAaTUYCCKOI0O MMCHOBAHHUA U CyMMAapH3aliu TCM.
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3amaya aBTOMaTU4YECKOro MMEHOBaHUs TeMbl (automatic topic labeling) co-
CTOUT B TOM, UTOOBI ITO00PATH JIJIsl KaXKI0M TEMbI JAKOHUYHBIN peJIEBaHTHBIN 3aro-
JIOBOK W3 3apaHee 3aroTOBJICHHOTO CHHCKa (Ppa3-KaHIUIaToB, MPOCIEAUB, YTOOBI
pa3Hble TEMbl HE MOIYYMUIIM CIMUIIKOM IOXOXKHE 3arojioBKU. BriepBele 3Ta 3ajauda
ObLIa mOCTaBieHa U penieHa B [5]. B mocneayroommx padoTax pelieHre HEMHOTO
yIIy4lIajioCh, HE MEHSISICh KOHILIENTyalbHO [6—8]. KpaTkuii 3arol0BOK TeMbI ITOJIE3€H
JUUIS HABUTAIUU 110 CIIKCKY TEM M U3YUYEHUS MOJICIH, OJTHAKO JIJIsl IOHUMAaHUsI TEMbI
MOJIb30BATEJIEM €r0 TaKkKe HEAOCTATOYHO.

Hpyroit mojaxom MOT OBl 3aKJIIOYAaThCS B aBTOMATHMUECKOM CyMMapHU3aliu
TEMBbI, KOTJ[a TCHEPUPYETCSA KPATKOE U3JI0KEHUE WIIM aHHOTAIMS TEMbI B BUJIE CBSI3-
HOTO TEKCTa. 3a/ladya CyMMapHU3allui TEKCTOB UMEET JJIMHHYIO MPEIbICTOPUIO U XO-
poIIIO HcclieoBaHa, HauuHas ¢ 50-x rooB [9] 1 3akaHuMBasi COBPEMEHHBIMHU 0030-
pamu [10, 11]. B wactHocTH, B 2019 roxy Oblna omyOnukoBaHa ctaths [12], aHHOTa-
1Ml KOTopo# 3aBepmanachk ppazoii: «Note: The abstract above was not written by
the authors, it was generated by one of the models presented in this paper». He-
CMOTpS Ha YCIIEXU METOJOB CyMMapH3allud U OYEBUIHYIO MPAKTUYECKYIO BOCTpE-
OOBaHHOCTbD, 33/1a4a CyMMapH3alui OTAEIbHBIX TEM B TEMAaTHYECKUX MOJIEISAX J10
CUX TIOp HUKEM HE peliajach, M Jaxke He cTaBWiIach. Onpeaesi€HHbBIN 1mIar ¢/iejiaH B
HenmaBHe# pabdore [13], rme craBuTes 3amada BBIICICHHUS TEMaTHYeCKUX ¢pas, co-
JepKaIuxX KII0UeBblie CJIOBA 3aJlaHHON TeMbl. [louck Takux (pa3 HECOMHEHHO TI0-
JIe3€H, HO HE SIBJISIETCS MOJHOLEHHOW CyMMapu3aluen TEMBbI.

[Tpu 5TOM €cTh HEMaJIO UCCIIEIOBaHUM, B KOTOPBIX TEMATUYECKOE MOIEIUPO-
BaHME UCTOJB3YETCsl KaK BCIIOMOTaTeJIbHBIM MHCTPYMEHT Ha OJJHOM M3 3TAloB 00-
paOOTKM MaHHBIX AJII CyMMapH3ali KOJUIEKIMM TOKyMeHTOB (multi-document
summarization) [14, 15]. aes 3akitouaercss B TOM, YTOOBI ¢ TOMOIIBIO TeMaTH4e-
CKOM MOJIEJIN BBIJICIUTh OCHOBHBIE TEMbI TEKCTOBOM KOJIJIEKIUH, 3aTEM M3 KaXKI0M
TEeMBI 0TOOpaTh HanboJIee PeNpPe3eHTATUBHBIC (PPa3bl, U TEM CAMBIM MTOBBICUTH ITOJI-
HOTY cyMMapu3aiuu. O4eBUIHO, YTO UCIOJIb3yeMble B 3THUX pabOTaX METOMAbI MO-
WCKa M BbIJENCHHs (Dpa3 mo 3alaHHON TeMe MOTYT ObITh IPUMEHEHBI TAK)Ke U IS

CyMMapun3alu TEMBI.
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Cepbé3Hoil mpobiieMoit B 00J1aCTH CyMMapH3allii TEKCTOB SIBJISIETCS OLIEHU-
BaHWE KauecTBa pemeHus. OOmenpuHITHIM CTIOCOO0M U3MEPEHUS KauyeCcTBa yxKe 00-
nee 20 netr ocraércs merpuka ROUGE [16, 17], xoTs €€ HenocTaTku JaBHO OCO-
3HAHBI U XOPOIIO U3BECTHBI COOOIIECTBY. ITa METPUKA MMO3BOJISIET CPAaBHUBAThH aB-
TOMATUYECKYI0 CYMMAapH3allUI0 C OJJHON WM HECKOJIbKHUMHU CyMMapHu3alusIMu, 3a-
paHee HanmMCcaHHBIMU JitoAbMU. CpaBHEHHE OCHOBAHO Ha MOJCYETE COBMECTHO HC-
MOJIb3YEMBIX CJIOB WM ClIOBOocoueTaHuil. [Ipu 3TOM HUKaK HE OIIEHUBAETCS CBSI3-
HOCTh, JIOTUYHOCTh, OTCYTCTBHE (DAKTHUECKUX, PEUEBBIX WM CTUIUCTHYECCKUX
OLINOOK.

[Ipu oneHMBaHWY KauecTBAa UMEHOBAHUS TEM B [5] 1 mocneayronux padorax
MCIIOJIb30BAIOCh UCKITFOUUTENIBHO SKCHEPTHOE olleHHBaHue. K coxkaleHuto, Takon
MO/IXOJ] HE MO3BOJIIET MACIITA0UPOBATh AKCIIEPUMEHTAJILHBIE UCCIICIOBAHUS MOJIE-
nei. J{ns kaxxmoi MojielIu MMEHOBaHus (MM CyMMapu3aluy) NPUXOAUTCS IpUBJIe-
KaTh SKCIEPTOB, YTO JIOJITO, IOPOTO U CYObeKTUBHO. OTACIBbHON MPOOIeMON SIBIISI-
€TCs CO3/laHue MacIITabUpyeMOi Mepbl KaueCTBa, KOTOPYIO MOXHO ObLIO ObI OMH
pa3 oTKaAIMOPOBATh, XOTS OBI IS 33JJAHHOMN TEKCTOBOM KOJUIEKIH, YTOOBI BIIOCTIE/-
CTBUH IO TIOJYYEHHOM pa3MeueHHOUN BRIOOPKE OLICHUBATh U CPABHUBATH Pa3INUHbIC
MOJICJIH.

Takum 006pa3oM, HECMOTPS Ha 3HAYUTETBHBIN HHTEPEC K UHTEPIPETUPYEMO-
CTH T€M, 3aJ]auld aBTOMAaTU4YECKOTO UMEHOBAHUS U CyMMapHU3allui TeM JI0 CUX TOp
OCTaIOTCS OTKPBITHIMU U TPEOYIOT pa3pabOTKU HOBBIX, O0JI€€ TOUHBIX U MACIITA0U-

PYEMBIX PEIIEHUN.

2.4 BoiBoa 10 pasaeiy 2

Takum 0Opa3oM, B JaHHOM pasjielie ObUTH pacCMOTPEHBI TEOPETHICCKUE Ma-
TepHUabl IO BEPOSATHOCTHBIM TEMAaTHICCKUM MOJCIISIM U ITyOOKUM HEHUPOHHBIM CE-
TSIM, OCHOBaHHBIM Ha apXxuTekType Transformer.

Taxxe, ObTH pacCMOTPEHBI PaOOTHI, CBI3aHHBIC C PEIICHUEM 3a7a4 HMEHO-
BaHUS M CyMMapu3aIiiu TeM. belin BBISIBICHBI aKTyallbHBIE MTPOOIEMbI, TAKKE KaK,

OTCYTCTBHUEC MECTOJ0B aBTOMATHYCCKOI'0 OLICHNBAHHA oe3 OKCIICPTOB, YTO 3aTPYyAHACT
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MacIITabupoBaTh MCCIEAOBaHUsA, U MpoliieMa Majoro MHTEpeca K Bompocy aod-
CTPaKTUBHOM CyMMapH3alliy TEM.

Taxum 00pa3zom, HacTOsIIEE UCCIIEOBAHNE HAMPABICHO Ha CO3aHUE METO-
JIOB aBTOMATHYECKOTO MMEHOBAHUS M CYMMApPHU3alUHA TEM B BEPOSITHOCTHBIX TEMa-

THUYCCKUX MOACIAX.
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PA3JIEJI 111
NCCIEJOBAHUE U ITOCTPOEHUE PEHIEHUSA 3AJAYN

3.1 Cxema npakTu4ecKo 4acTu HCCIe0BaAHMSI.
J17is TOCTHKEHUs TOCTaBICHHBIX 1esiel OblT pa3paboTaH MIaH NPaKTUYECKOU

HaCTHU UCCIICOJOBAHUA:

— | > IIpexobpaboTra — TemaTageckoe
— TeKCTOROH KOTLTeKIHH ’ — ’ MOJeIHpOBAHHE

Heeporagansaan IIpesodpadoranaas l

KOLTeKIHA J0KYMeHTOR KOLIeKIHA J0KYMEHTOB
.'.

B popmaTe VW
KJIH]‘IEBBIQ caoBa

e KAXI0H TeMEI
Q) T O LLM_2 as a Judge l

@DopMHpoBAHEe 31aIPaca
xaa LLM

npeaokKeHHR
KAaKI0H TeMbl
.. — f— .. f—

K:aroqeBble Npel1akeHHS H CT0BA
KAKI0i TeMBl

Beizenenne KIH4YeBHIX)

HazeaHHA B cyMMapH3ANHH

il dopMHEpOEaHEE 3aDpoOca
KAKI0H TeMBI

amxs LLM

Pucynok 3.1 Cxema uccienoBanus

HcTouHuK: ABTOPCKasa CXEMa

[TpakTrdeckast 4aCTh COCTOHT U3 CIACAYIOIINX ATAIMOB:

— DOran npeaoOpaboTKU TEKCTOBOM KOJUICKIIH;

— DTan TeMaTH4eCKOrOo MOCIMPOBAHUSA, CYyTh KOTOPOTO, 3aKIHOYacTCs B
pa3paboTKe BEPOSATHOCTHBIX TEMAaTHIECKUX MOJICIICH MTPH TTOMOIIHU T0OaBIEHUS pa3-
HBIX PETYJISIPU3ATOPOB;

— Crhenyrommii 3Tan — 3TO MOJyYSHHUE KITFOUEBBIX CJIOB JJIs KaXIOH TEMBI

(cemMaHTHYECKUE S7pa) U MOJYyYEHHE KIIFOUEBBIX MPEAJIOKEHHUM ISl TOro, 4TOObI
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chopMHpOBaTh KaK MOKHO OOJblle MOJIe3HOW MHGOpMalUU, HEOOXOIUMOM JUis
CyMMapH3aiii 1 UMEHOBAHHUS TEM;

— Jlanee crnemyer 3Tam mojydyeHUs: map (Ha3BaHHE TEMBbI, CyMMapu3allus
Tembl) pu oMoty LLM. [l naHHBIX 1iesieid ObIIM UCTIOb30BaHbl Pa3HbIC CTpa-
Teruu GopMUPOBaAHUS 3arpocoB: zero—shot, few—shot u iterative—improving;

— Ilocne Toro, Kak aJs BceX TEM M pa3HbIX CTpaTeruili ObUTM cOOpaHbl BCe
napsl (Ha3BaHWE, CyMMapH3alysi) HACTYIAET 3Tal HapHOTrO CPABHEHHUSI BapUAHTOB
OTHOCHUTEJIBHO Ka)XJ0M U3 TeM, MpHU MOMOIIM Mojenei-oneHmukoB («LLM as a
Judge»);

— OuHaTbHBIM A3TANOM CIYXUT TOCTPOCHHE CTAaTUCTUUYECKOW MOJIeNn
bpannu—Teppu niis BBISIBICHUS HAWIydlled KOMOMHAIIUM MOJEIb—CTpaTerus 3a-
rpoca.

PaccmoTpum noapoOHO KaXkIbIi U3 STAIOB.

3.2 Peryasipu3atopsl.
B nanHO# paboTe ObLIM UCIIOIB30BAHBI CIEAYIOLIUE PETYISIPU3aTOPhL: pa3pe-
)kuBaHue @, pazpexuBanue ® u I1EKOPPEIUPOBAHUE TEM.

Perynspuzarop paspexusanus O:

R(p = T°- Zw,t 10g (gowt) (3.1)

Taxxke, paccMOTpUM MPOU3BOIHYIO PETYJSpU3aTOpa M0 (P, KOTOPask UCIONb-

3yercs B EM — anropurme:

Re - T (3.2)
O0Pwt Pwt

[lenb 1aHHOTO peryysIpu3aTopa CAeaaTb paclpenesIeHUE CIOB [0 TEMAM pa3-
PEXKEHHBIM: KaXKJIblii TepM JOJIKEH OBITh CBA3aH C HEMHOTMMH TEMaMH U TEMbI

AOJDKHBI COACPIKATH KaK MOKHO OOJIbIIIE KITFOYEBBIX CJIOB, 1 KaK MO>XHO MCHbBIIC
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«IIyMOBBIX». JlocTUraeTcs 3To nmocpeAcTBOM mTpada 3a MIIOTHbIE paclpeesICHUs
(B manHOM cityyae, T < 0).

PaccmoTpum perynsipuzatop paspexuBanus O:
Rg = 7+ Xralog (6ra) (3.3)

Takske, paccCMOTpUM MPOU3BOIHYIO peryiisipuzaropa no 6, KoTopasi HCIOJIb-

3yerca B EM — anroputMme:

6R¢ T
= 34
00¢q Otd (3:4)

Llens maHHOTO perynsapu3aropa CAEIaTh paCIPEICICHUE TEM IO JOKYMEHTaM
Pa3peKEHHBIM: KX JOKYMEHT JIOJKEH OTHOCUTHCS K HEOOIBIIIOMY KOJIMYECTBY

TeM. JIOCTUraeTcst 310 OCPEACTBOM miTpada 3a IIIOTHBIE pacipeIeieHus (B JaHHOM
ciaydae T < 0).

Paccmotpum perynspuzaTop JEKOpPETUPOBAHUS TEM:

R(®) = — % ) ZtET ZsET\t ZWEW PwtPws (3.5)

[Tpou3sBogHAST JAHHOTO PEryaapU3aTopa UMEET BU:

OR
OPwt

= T Pwt* ZseT\t Pws (3.6)

Perynsipuzatop KOHTpacTUpyeT CTpoKd Marpuilbl @, TO €cTh, B KaKIOU
CTPOKE BEpOSTHOCTH OoJiee 3HAYMMBIX TEPMOB YBEJIMUYMBAIOTCS, a OCTaJbHBIC

YMCHBIIAKOTCA U MOT'YT O6paHlaTBC}I B HOJIb.
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Takum oOpazom, oOHOBIeHHBIT EM — anroputM mpuHUMAeT CIeAyOLIui

BUI;

Deaw = norm(@,,:6¢q), (3.7)

T
Pwet = norm [nwt T Pwe ((p_v(l:t — 1o Zsit <pws)]: (3.8)
0;4 = norm (ntd + ;—;). (3.9)

3.3 OT00p KJII0YeBbIX NMPeIT0KECHUI.

Jlnst Toro, uto6sl LLM cmoria y3Hats 0obiie uHGOpMauu 0 TeMe, ObLIOo
pEeIIeHo J00aBIATh B 3aIIPOC MTOMUMO KITFOUEBBIX CJIOB MPEIIOKEHUN €IIe U KITIode-
BbIC MIPEJIOKECHUS.

[Touck 3THX cambIX MPEIJIOKEHUHN 3aKII0UAJICS B CIAEAYIOIEM: 3aUKCHPYEM
HEKOTOPYIO TEMY f U €€ CEMaHTUYeCKOe apo D;, nanee, 1Uisl KaXKI0To JOKYMEHTa, Y
KOTOPOTO BEPOSITHOCTh MPHUHAJICKHOCTH K TeME ! MaKCUMallbHa CpPeIu BCEX
OCTaJIbHBIX BEPOSITHOCTEH, U JIJI KaXJ0TO €0 MPEMIOKEHUS S; OyZeM BBIUYUCISATh

Mepy Kakkapa:

__|sanD¢|
|SqUD¢|

Jac (3.10)

Ho manHbIi OAX0 UMEET CYLIECTBEHHBIN HEAOCTATOK — €CIIA CaMO IIPEMIIO-
KEHHE MAJICHBKOE, U B HEM €CTbh Iapy KIIFOUEBBIX CJIOB U3 CEMaHTUYECKOTO S1pa, TO
OIICHKA MOXET ObITh HEOMpaBaaHHO 00JbIION. TO €cTh, MBI Oy/IeM MOTy4YaTh KOPOT-
Kre, HenH()OPMATUBHBIC TIPEIJIOKEHUS, KOTOPHIE HE CMOTYT 00OTaTUTh HAIII 3aIPOC

MoJIE3HOM MH(pOpMAIIMEH O TEME.
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Takum 00pa3zoM, dhopmyia Jisi ONPEAEIICHUs] OLIEHKH BaKHOCTH MPEIIOKe-

HUs ObLIa Mepeieliana:

.|SanH
|sqUD¢|

_|sanDy¢|
Sal

[To cpaBHeHuto ¢ 00bIYHOM Mepoil XKakkapa, gaHHas Gopmysia yUUTHIBAET

Jac =« +(1—a) (3.11)

JJIMHY NPCIJIOKCHUSA W MOOHIPACT AJIMHHBIC ITPCIJIOKCHUA C OOJBIINM KOJIMYE-
CTBOM KIIIOYCBBIX TCMATHYCCKHX CJIOB, UTO IIO3BOJISICT HAXOOUTD oonee I/IH(i)OpMa-

THUBHBIC IIPCAJIOKCHUA.

3.4 Crparernu ¢popMHPOBAHNS 3aIIPOCOB

Psn miccnemoBanuii IOKa3bIBaeT, YTO pa3HbIC CTpaTeruu GOPMHUPOBAHHS 3a-
npocoB k LLM criocoOHbI BappUpOBaTh KaueCTBO UTOroBoro oreera [ 18—20]. Takum
o0pa3om, B JaHHOU paboTe He0OXOMUMO OBLIIO OMPEAETUTHCS KAaKUE 3apOChl OyIyT
MOJIaBaThCsl Ha BXOJI OOJIBIIION SI3BIKOBOM MOJEIH, YTOOBI BBISICHUTH ONTHMAJIbLHYIO
CTpaTeruio «OOIIECHUs» C HUMHU.

B nannoii paboTe MCHoONb30BaIMCh TPU CTpareruu: zero — shot prompting,
few — shot prompting, iterative — improving prompting. PaccMOTpuM Kaxayroo H3
HUX.

Zero — shot prompting:

JlaHHBIN BUJI 3aPOCOB SIBJIIETCS 0A30BBIM, B TOM CMBICJIE, UTO B 3alIPOCE MIPO-
CTO yKa3bIBaeTCA 3a/IaHKE 7151 OONBIION S3BIKOBOM MO, HO 03 KaKMX-TM00 WH-
CTPYKIIUH | MMOJICKAa30K K TOMY, KaK 3TO JIeJiaTh.

B nanHo# paboTe UConbp30BasCs CICAYIOINI 3apoc:

“You will receive top tokens and sentences on a certain topic. Your task is to
formulate a title and a short summary of the topic (5-7 sentences). Write in a formal
style. Your task is to guess what the topic could be about, where small fragments and
sentences were taken from (they are only a tiny part of the information about the

topic). Therefore, you should write generically and offer simple options (don't invent
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too much). Guess what topic all this information might relate to.\nTop to-
kens:\n{top _tokens}!\nTop sentences:\n{top_sentences). Write like this:
***¥Name: ***\nSome _name\n***Summarization: ***\nSome_summarization"

Few — shot prompting:

JlaHHBIN BUJ 3aIIPOCOB OUYEHB CXOXK C Zero — shot 3anmpocamu, HO 100aBIAIOTCS
ellle M MOSICHUTEIbHBIC TIPUMEPHI: B TaHHOH paboTe, MOJIEIIN TTOKAa3bIBAIUCH KaK T0-
JIOXKHUTEIIbHBIC, TAK U OTPHUIATEIIbHBIC IIPUMEPHI, 4T00BI LLM cMomIa jrydiie noHsTh
KOHEYHYIO 11E]Tb.

[Ipumep 3anpoca:

"You will receive top tokens and sentences on a certain topic. Your task is to
formulate a title and a short summary of the topic (5-7 sentences). Write in a formal
style. Your goal is to guess what the topic could be about based on small fragments
and sentences (they're only a tiny part of the information about the topic). Therefore,
you should write generically and offer simple, broad descriptions without adding
too much invented detail \nWrite exactly in the following format:\n**Example
1:**\nTop tokens:\nTask decomposition, Data partitioning, Load balancing, Syn-
chronization, Scalability, Race condition, Message passing, Shared memory, Lock-
free, Granularity\nlop sentences.:\n\"The proposed divide-and-conquer approach
demonstrates superior task decomposition for heterogeneous clusters.\"\n\"Dynamic
load balancing via work stealing significantly reduces idle time in multithreaded
applications.\"\n\"A hybrid MPI-OpenMP framework yields scalable performance
across hundreds of nodes.\"\n\"Lock-free data structures eliminate bottlenecks asso-
ciated with traditional mutex-based synchronization.\"\n\"Cache-aware data parti-
tioning improves locality and reduces false sharing in multicore environ-
ments.\"\n**Name.**\nParallelization Algorithms\n**Summarization: **\nParal-
lelization algorithms explore methods for splitting computational work into simulta-
neously executable units to accelerate processing. They address challenges of task
decomposition, data distribution, synchronization, and communication to optimize

resource utilization across multicore and distributed systems. By balancing granu-
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larity and overhead, and often combining shared-memory and message-passing par-
adigms, these algorithms scale applications from desktop machines to large clus-
ters.\n---\n**Example 2:**\nTop tokens:\nEigenvalues, Singular value decomposi-
tion, Sparse matrix, LU factorization, Vector space, Orthogonality, Condition num-
ber, Krylov subspace, OR decomposition, Norm\nTop sentences:\n\"We derive error
bounds for the QR decomposition of ill-conditioned matrices.\"\n\"Sparse matrix—
vector multiplication on GPUs offers unprecedented acceleration.\"\n\"The Lanczos
algorithm outperforms classical methods for computing large symmetric eigenval-
ues.\"\n\"An optimized LU factorization with partial pivoting reduces numerical in-
stability.\"\n\"Singular value decomposition enables robust dimensionality reduc-
tion in data analysis.\"\n**Name:**\nLinear Algebra\n**Summarization: **\nLin-
ear algebra studies vector spaces and matrix operations fundamental to numerical
computation and data analysis. Core techniques include matrix factorizations, ei-
genvalue problems, and sparse-system solvers, which underpin applications ranging
from scientific simulation to machine learning. Stability, efficiency, and dimension-
ality considerations guide the development of direct and iterative methods across
CPU and GPU architectures.\n---\n**Example 3:**\nTop tokens:\nMinimally inva-
sive, Robotic assistance, Hemostasis, Anastomosis, Laparoscopy, Suturing tech-
nique, Perioperative management, Wound healing, Surgical site infection, Enhanced
recovery\nTop sentences:\n\"Robotic-assisted laparoscopy reduces intraoperative
blood loss and shortens hospital stay.\"\n\"The novel hemostatic agent demonstrated
rapid clot formation in vivo.\"\n\"Enhanced recovery protocols show significant im-
provement in postoperative pain control.\"\n\"Perioperative antibiotic stewardship
reduces the incidence of surgical site infections.\"\n\"Assessment of wound healing
using biocompatible mesh overlays in hernia repair\"\n**Name:**\nSur-
gery\n**Summarization: **\nSurgery covers the planning, execution, and postoper-
ative management of invasive procedures to diagnose or treat medical conditions.
Techniques range from traditional open operations to minimally invasive and ro-
botic-assisted approaches, each aiming to improve precision, reduce risk, and en-

hance recovery. Key aspects include hemostasis, anastomosis, wound healing, and
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perioperative protocols to minimize complications and optimize patient out-
comes.\n---\nNow  your  turn:\nTop  tokens:\n{top_tokens}!\nTop  sen-
tences:\n{top_sentences}!\n\nWrite your answer in the following for-
mat:\n**Name: **\n(Some_name)\n**Summarization: **\n(Some_summarization)"

Iterative — improving prompting:

CyTbh TaHHOM CTpaTeTHH B OTIIPABJICHWH HECKOJIBKUX 3allPOCOB: CHadaja I1mo-
CBIJIAETCS 3aMpOC C MPOCKOON COCTAaBUTh «YEPHOBOI BapUAHT Ha3BaHWE U CyMMa-
pU3aIliy TEMBI, a TTOCJIEe OTIIPABIISICTCS 3aPOC Ha YIydIICHHE.

[Ipumep 3anpoca:

“Generate draft version of the topic name and its short summary (from 5 to 7
sentences) in academic style, based on the top tokens and sentences of the topic:\ntop
tokens:\n{top_tokens}\ntop sentences:\n{top sentences}\nAnswer will be in next
format: **title**:\nsome_title\nsummary:\nsome summary”

"It's previous answer: {answer}\nThe answer was based on these top tokens:
{top_tokens; and top sentences: {top_sentences}. Study the answer carefully and
improve it. Do not repeat the top sentences but write a brief summarisation of the
(5-7) sentences. Keep the format of your answer: **Name: **\nsome name\n**Sum-

mary. **\nsome_summary".

3.5 IlapHoe cpaBHeHMe NPeIJI0KEHHBIX BADUAHTOB

IlycTp y Hac ecTb JBa MHOXeCTBa: M — MHOXKECTBO Map (CEMaHTHYECKOE
PO, KITFOYEBBIE MPETIOKEHNS) ISl KaXKI0M TeMbl, OTHOCUTEIBHO BIOPAHHBIX TO-
CTPOEHHBIX TEMaTUYECKUX MOZEJIe U MHOXKECTBO CTpaTeruii 3anpocoB Pr (pyHK-

IIUU OT CEMaHTUYECKOTO S/Apa 1 KITFOYEBBIX MPEITIOKEHUH):
m® = (D, 50, m; = {m® |t e 7} (3.12)

M = {mg3i, (3.13)
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pri(t) = pry(m®) (3.14)

Pr = {pr,O¥L, (3.15)

OHpe,ZIGJII/IM MHOXCCTBO ITOJIYYHUBIINUXCS 3aIIPOCOB:

Pry ={pr(m)| m € M,pr € Pr} = {pf), ...,p,(ct) |t € T} (3.16)

n

Taxum 06pazom, MHOKECTBO (3.16) COAEPIKUT 3apOChl, KOTOPHIE B CBOIO OUe-
penb, 3aBUCAT OT TEMAaTHUYECKON MOZeNH (B JaHHOM ClIy4ae, CYMTaeM, 4TO TeMaTH-
geckasi MOJIeb — 3TO Mapa (CEMaHTHYECKOE SAPO, KITFOYEBBIE MPEITIOAKESHHUS ), KOTO-
pasi 3aBUCHUT OT TEMHI ?).

[Tocse Toro, Kak OBLIM MOYYCHBI 3aMIPOCHI TI0O BCEM CTPATETHSAM U JJIS BCEX

TeM, HauMHaeTcs dTar coopa orBetoB LLM:
L(Pry,) = {LLM(p) |p € Pry,} = {19, .., 191t €T} (3.17
m p p rM} {1 robkn | }( . )

t
llg ) = (name, summary);

Korna Bce oTBETHI OOMBINON S3BIKOBOM MOJICTH ObLIH COOpaHbl, HEOOXOIMMO
OTIPEICNIUTh, KAKOW U3 BApUAHTOB KOMOMHUPOBAHUS TEMATUUECKON MOJIEIH U CTpa-
TETUH 3anpoca oLl Tyuine. J{Jis 7Toro 66110 BEIOPAHO TPOBECTU NTAPHOE CPABHEHHE
0 CIICAYIOIIEMY aJiTOPUTMY:

1. OTHOCHUTENBHO KaXKJ0UM TeMbl Mbl POPMUPYEM NAPHI JJIs1 CPABHEHUIA:

(1900 [ 10,19 € LPry), i # 3 (3.18)
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2. ®opmupyeM 3anpoc prompt(l;, ;) nns moaenu — oneHIuKa J.

3. Tlomyuaem OTBET OT KaXJ10M MOJIEJIN — OLIEHIIIMKA:

o (prompt (ll@,l}“» e{“) l“)} Je €] =Uu 0 Jn) (3.19)

Taxum 00pazom, 1715 KaKJ0W TEMbl MbI ITOIIAPHO CPABHUM BCE IOJIyYECHHBIE
BApUAHTHI Ha3BaHUS U CyMMapu3anuu. J[Ji1 He3aBUCUMOCTH PEIICHUN UCITOIb30Ba-

JIOCh HECKOJILKO MOJICIICH.

CrnenoBarenbHO, 1O UTOTY, MBI MIOJIYYUM CJIEIYIOLLY0 MaTPHILY:

R=(ry), (3.20)

= Seer Zhos P rompt (12,19 ) = 1°] 321

To ecTh, ecnu 1—bIif BApUAHT OKa3aJics Jydllle J—ero BapuaHTa 1o Bepcuu Ji
OIICHIIIMKA, TO B MO3UIHIO (1,)) MBI 10o0aBsgeM 1. 3aech o BapuaHTOM

Takum oOpazom, AJIs KaXK10H KOMOMHAIIUM TEMATHYECKON MOJIEIN U CTpare-
i POPMUPOBAHMS 3aTIPOCOB MBI MOJTYUYUIIN BAPUAHTHI HA3BAHUIM U CyMMapHU3aIliii
TEM, U MOMAPHO CPABHWIM UX OTHOCUTEIBHO KaX/10M TEMBbI, ITOJIyYUB B KOHIIE CyM-
MapHyI HMTOTOBYHO MAaTpHIly, TJ€ OINHCAHO, KaKOW BapuWaHT KOMOWHUPOBAHUS

CKOJILKO pa3 MoOeInyI IPYyroi BapUaHT 10 MHEHUIO BCEX MOJIEJICH — OIEHIITUKOB.

3.6 Boi0op HausTyule cTpaTrernu

[Tomy4yuB MaTpuily HTOroB HEOOXOIMMO OTIPEACIUTD JIydlnii BapuanT. Ctpa-
Terus Oparh BapHaHT, MOOEAMBIINN OOJIbIIIE BCEX pa3 HE caMOe 0OBEKTUBHOE pellle-
HUE, TaK KaK MOTYT MPHUCYTCTBOBATH CIIOKHBIC B3aUMOCBSI3U MEXKIY «y4aCTHH-

Kamm». TakuMm o0Opa3zom, HyKeH JIPYTou MOAXO.
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B nanHo#l pabore OBLJIO PEIIEHO HMCIOJB30BaTh CTATUCTHYECKYI0 MOJENb
bpanmu — Teppu (BT — model) qyist onpeneneHust Bekropa Cuil: B JaHHOM Clydae,
CWJIa — 3TO HEKOTOpasi OIEHKa /I KaXKJO0ro BapuaHTa, U rnodenurenemM OyIeT TOT,
Ybs CHJIA OOJIBIIIE OCTATbHBIX.

[Ipsimas 3amaua mogenu BT mo umerommMesi OIEHKaM YYaCTHUKOB OIpEJie-

JINTb BECPOATHOCTH BBIUI'PBIIIA 1-TO HUI'POKA HAO j—I:IM:

B .
. eBi
P(>j)=—F—p5=0(Bi—B)) (3.22)
ePi+e”]
OGpaTHas 3a1a4a 3aKJII04aeTCs B ONPEEICHUH BEKTOPA OLEHOK IS KaXKI0TO
YYaCTHHKA [0 UMEIoIIeHcss nH(OpMAIMU O pe3ysIbTaTax TYPHHUPA — TO €CTh, BaYKHA

I/IH(bOpMaI_[I/IH, KTO KOI'0 M CKOJIBKO pa3 HO6€I[I/IH. Torz[a BCKTOP OLOCHOK HAXOOUTCA

IIpH TIOMOLIM MAaKCUMHU3AIMK Jorapudma IpaBaonogo0us:
In [[;;[PG > PDIYY = X;j[wij - In(B;) — wyjln (B; + ;)] - max (3.23)

B pabore [22] 6110 HalICHO HESBHOE PEIICHUE ONTUMU3AIIMOHHOMN 3aauH,

KOTOPOC MOXHO paCcCuUuTaTh YMCICHHBIMU MCTOAAMM

2jwijBj/(Bit+Bj)
;= 3.24
B Xjwij/(Bi+Bj) (329)

Takum o6pazom, monens BT mo3BosiseT onpenenuTb caMoro CUILHOTO WI-
pOKa, YTO B HAIIIEM CITy4ae SKBHUBAJIEHTHO HAXOXKJICHHUIO CAMOM JIydIleil KoMOuHa-

UM TEMATUYECKUX MOJIEJIEN U CTPATETUii 3arpoCoB.
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PA3JIEJ IV
OINMMCAHUE MPAKTUYECKON YACTH

4.1 Ucnoab30BaHHAN KOJLIJIEKIUS TEKCTOB.

B nannoii pabote, 11 MOCTPOSHUS TEMAaTHUYECKOM MOJIEIHM UCTIOIb30BaIach
KOJUICKIIMS HAyYHBIX TEKCTOB ‘‘ccdv/arxiv-summarization”, mpenHa3HauYeHHAs IS
MIOCTPOEHHUS MoJiejiel aOCTPAaKTUBHON CyMMapH3allii HAyYHBIX CTaTeH.

Kaxxmas 3amuch B JaHHOM JaTaceTe MPEACTABISICT U3 ceOsl TPOWKY BHJIA
(uneHTUUKATOp, MOJHBIA TEKCT CTAaThU, AHHOTALIUS CTaThH). Becero B koyuiekuuu

coaepxutcs 13073 3anuceil. Bee TekcTa HalmMCaHbl HA AaHTIIMHACKOM SI3BIKE.

Pac KONM4ecTsa s article

200 400 600 800 1000
KOMMNECTBO NpeanoXeHHil

PacnpepeneHie KONMYECTBa CNOB B NPEANOXEHUAX article

350000

300000
250000
£ 200000
g
5
E
150000

100000

50000

o

0 60 80 100 120 140
KONMUECTBO CNOB B NPEANOHKEHNH

Pucynok 4.1 Pacnipenenenue cioB U NpeAJIOKEeHUN

HCTOYHHK: CKPUHILIOT aBTOPCKOU IMPOTrPaMMBbI

Ha npencraBnennbix rpadukax Mmoka3aHbl pacpeaeIeHns KOINYecTBa Mpe-
JOXKEHUH B TEKCTaX U MX JUIMH. TakuM 00pa3oM, OOIBIIMHCTBO TEKCTOB COIEPIKUT

ot 50 1o 250 npeyoxeHuid, U B 00IBIIMHCTBE npesiioxkenuid ot 10 qo 30 cios.
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4.2 Tlpeno0paboTKa TEKCTOBBIX JAHHBIX

OauH U3 BaKHBIX ATANoOB MPHU paboTe ¢ TEKCTOBBIMU JTAHHBIMU — 3TO ATarl
npenoOpadoTku Tekcta. HeoOXoaumMocTs 1aHHOTO Tpoliecca 00ycloBIeHa TeM, YTO:

— Temarnueckne MOIEIM OPUEHTUPYIOTCS HA YACTOThI BCTPEYAEMOCTHU TEP-
MOB B JIOKYMEHTax, TAKUM 00pa3oM, €clid He yOpaTh MyHKTYallUi0 U OOIIYIO JIeK-
CHKY, CJIOBa, TO MOZieNIM OyAyT padoTaTh C 3alIyMJICHHBIMUA JAHHBIMUA U HE CMOTYT
KaueCTBEHHO HAXOAUTh U Pa3/EIATh CKPhIThIE TEMATHKU.

— MHorue moaenu 00pabOTKH €CTECTBEHHOIO sI3bIKa HE CIIOCOOHBI Hampsi-
MYI0 paboTaTh C UCXOAHBIMU TEKCTAMH, U HEOOXOIMMO MEPEBECTU TEKCT B ONpEe-
JeHHBI popMat. Temarnyeckre Moaeiar padoTaroT ¢ YACTOTHBIMU CIIOBapsSIMH, T10-
TOMY HEOOXOAMMO MEpes CO3AaHUEM M 00yUYE€HUEM MOJEH MOJArOTOBUThH YaCTOT-
HBII CJI0Bapb UCXOIHOW KOJUICKLUU.

Takum o6pazoMm, mpenoOpaboTka TEKCTOBOM KOJUICKIIMU SIBJSICTCS KITHOYEBBIM
ATANOM TEMaTU4YE€CKOTr0 MOAEIUPOBAHUS, TaK KaK Ka4€CTBO MOJIEIU HANpPIMYIO 3a-
BHUCHUT OT KaueCTBa BXOJAHBIX JAHHBIX.

PaccmoTpum nipozenanHblil mporece mpenoopadoTKH TEKCTOB:

— Bce cuMmBosbI Ob1TH TIEpEBEICHBI B HIDKHUM PETUCTP, 4TOOBI yOpaTh BO3-
MOJKHBIE Pa3JInyusi MEXJY OJMHAKOBBIMU CJIIOBAMHM: CJIOBA, HAUMHAIOIIMECS C 3a-
TJIaBHOM M CTPOYHOM OYKBBI HE JIOJDKHBI CYUTAThCs pasHbiME («Hayka» u «Haykay).

— bpua ynanena HTML u LaTex pa3mertka, a Takke IyHKTyalus. ITH CUM-
BOJIbI HE HECYT HUKAKOW TEMaTHYECKU 3HAYMMOUN MH(POpMAIMU U JIMIIb OyayT 3a-
IIyMJISITh BXOAHBIE TaHHbIE. JJOKyMEHTHI, B KOTOPBIX BCTpeyanach pa3Merka  La-
Tex ObuTH yaeHBI U3 KOJUICKITUH.

— YnmaneHsl CTOM-CIIOBa — MaJOMH(POPMATUBHBIX PACIIPOCTPAHCHHBIX CJIOB,
KOTOpBIE BCTPEUAIOTCS B OOJIBIIMHCTBE JOKYMEHTOB M HE TIOMOTAI0T MOJIENIH pa3Jie-
JSITH TEMBI MEXTy cO00#. BT MCIOIB30BaH MOATOTOBICHHBIA CIIMCOK CTOM-CJIOB

W3 IMporpaMMHOIro Moayss nltk.
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— bputa nmpousBenena pemMMaru3anus — MIpoLece NPUBEIACHUS CI0BAa K HOP-
MaJbHOM CIIOBapHO# Qopme (JemMMe), yYUThIBas rpaMMaTHUECKHe MpaBuila S3bIKa.

[Tocne mpenoOpabOTKu TEKCTOBOM KOJUIEKIMU ocTanochk 13038 HayuHbIX cTa-

4.3 BbI0Op ONTHUMAJIBHOI0 KOJUYECTBA CKPBITHIX TEMATHK

KonnuecTBo TeM — KIIFOUEBOM IapaMeTp TEMAaTHYECKUX MOJEINIEH, KOTOPBIN
HEOOXOJIMMO OMPECTUTh 3apaHee, 10 NOCTpoeHUs: Mojiesie. OH HanpsIMy1O BIUSET
Ha KaueCTBO M HMHTEPIPETUPYEMOCTb MOJENH: €CIM TEM CIHMIIKOM Majlo, CKOpee
BCETO0, MOJIYYUBIIUECS TEMBI OYyT CIUIIKOM OOIIMMH U OynyT OOBEAUHSATh CIIUIII-
KOM pa3pO3HEHHbIE MOHATHUS, U HA00OPOT, €CIIU TEM CIUIIKOM MHOTO, MHOTHE OyAyT
TyOMUPYIONTUMU WA Pa3pEKECHHBIMH.

Jlist onpeneneHus TeM M3Ha4aJIbHO ObUT MCIOJIb30BaH anroput™ K-Means B
LUKJIE TI0 KOJM4ecTBy KiacTepoB. Crparerusi Obula cienyromias: Ha O4epeIHOM
miare ooyyaem K-Means Ha 3aJaHHOM KOJIMYECTBE T€M, a MIOCJIE CUUTAEM METPUKHU
kauectBa — WCSS u Silhouette. [Tocne npoBeneHus Bcex urepanuil, HaX0IUM «JI0-
KOoTh» Ha rpaduke WCSS u cmorpum Ha 3HaueHue Silhouette. JIokoTh — 310 TOUKa,
MOCJI€ KOTOPOM CKOPOCTh U3MEHEHHUSI METPUKH PE3KO YMEHBIIIAETCS.

beun IMOJIYYCHBI CIACAYIOIINUC PE3YJIbTAThI:

MeTog nokTa (Elbow Method) Buibop onTUMansHoro konu4ecTea Knactepos (Silhouette)

11500 0.070 4

0.065 7
11000

-

I 0.060

puume

10500 3 00554

10000

WCSS (Inertia)

CHAY3ITHBIA KO3
=4 2
& o
2 o
s 8

9500 0.040 1

0.035 4

0.030 4
0 10 20 30 a0 50 o 10 20 30 40 50
KonuuecTeo knacTepos KOoNM4ecTao KnacTepos

Pucynok 4.2 Pe3ynbrarsl KjlacTepu3aluuu

HcTouHnK: CKpUHIIOT aBTOPCKOM MPOTpaMMBbl
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3ameTum, uto B rpaduke WCSS HeT 04eBUIHO BHIPAXKEHHOTO JIOKTS U rpauk
Silhouette umer Ha cmaj ¢ yBeIMUYEHUEM KOJIMYECTBA KJIACTEPOB, a TAKXKE MPUHU-
MaeT KpaiiHe Hu3kue 3HadeHus (Menee 0.1), uto cBuaeTenbCeTByeT, uTo K-Means He
CMOT BBIIIOJIHUTh KAYECTBEHHYIO KJIACTEPU3ALIHIO.

Takoe MOITIO MPOM30UTHU IO TOW MPUYMHE, YTO TEKCTA CKOPEE OTHOCATCA K
HECKOJIbKUM TEMaTHKaM, U MOTOMY, BEKTOPHBIE BIIOKEHUS CTAaTel B CBOEM THUIIEp-
IPOCTPAHCTBE UMEIOT CJIA00BBIPAKEHHYIO PA3IEIMMOCTh U KIACCUYECKUE METO/IbI
KJIACTEPU3ALIUN 3/1€Ch HE MOTYT CIIPABUTHCS.

BBII0 NPUHATO penIeHNe UCKAaTh ONITUMAJIBHOE KOJIMYECTBO TEM JIPYTUM CIIO-
coboM:

1. Pa3o06nem ucxomaHyto BBIOOpKY Ha oOyyarorryto (10043 o6bekra) u TeCTO-
BY10 (2995 00BbEKTOB).

2. Bbynem ctpouts u 00yuyars Moaens PLSA B nukie mo KoJu4ecTBy TEM OT
10 no 30.

3. Ha kaxngoii uteparuu OyieM BBIUUCISITh 3HAYCHUS MEPIICKCUN Ha 00y-
Yarollel U TECTOBOM BHIOOPKE, CPEAHNE 3HAYEHUS YUCTOThI U KOHTPACTHOCTH.

4. Tloctpoum rpaduku, MOTYYUBIIMXCS 3HAYEHUN U TPOBEJIEM aHAJIU3.

Pa3buenue mcxogHoW BBHIOOPKM Ha JIBE HEOOXOIUMO Jii MOHUTOPHUHTA U
IpEeJOTBpAIICHUs IEPeoOyUeHUs MOJIEIIEH.

Takum 00pa3zom, ObUIH MOTYUYEHBI CICAYIOIINE PE3YIbTaThI:
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Train/test perplexity by number of topics

—— Train perplexity (last)

2200 A
Test perplexity (last)

2100 A

2000 A

Perplexity
=
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Purity/Contrast by number of topics
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e
o
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Purity/Contrast
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Pucynok 4.3 Pe3ynberarel noctpoenui PLSA

HCTOYHHK: CKPUMHILIOT aBTOPCKOU IPOTrPaMMBbI

W3 nepBoro rpaduka BUAHO, UTO NMPU YBEIUUYEHUN KOJTMYECTBA TEM MEPILIEK-
cusi yMeHbInanach. [y ananmsza He0OXOMUMO 00paTUThCA K rpaduKy YUCTOTHI U
KOHTPAaCTHOCTH, ISl YTOUYHEHUS PE3YIIBTATOB.

N3 Broporo rpaduka BHUIHO, YTO METPUKH, KOTOPBIC TOJKHBI OBITh Kak
MOXKHO Oosbllie, yObIBAIOT C yBEJIMYEHUEM KoiuuecTBa TeM. IIpu stom, yucrora
yObIBaeT CTpEMUTENBHEE YEM KOHTPACTHOCTh, M Ha MOCIEAHENH UTepaluu MpUHU-
MaeT 3HaueHus npuMepHo 0.53, 4To CBUAETEILCTBYET 00 YXY/IIIEHUH KaueCTBa MO-
JI€TIY TIPU YBEIUYECHUH YUCIa TEM.

Xopommii KOMIIPOMHCC AOCTHTaeTCs npu k=15: 3Ha4eHUST YUCTOTHI U KOH-
TPACTHOCTH HaxoAsTcs B paiioHe (.7, mepruiekcus 3aMEeTHO HUke, yeM mpu 10 te-

Max.
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Takum 06p8,30M, B ﬂaHLHGﬁmHX HCCICAOBAaHHUAX, BCC TCMATHYCCKHUC MOJCIN

CTpOMJIUCH Ha 15 Temax.

4.4 Bb100p TeMaTH4YeCKUX MO/IeJIeil.

Korpa konmuecTBo T€M ONPEAENEHO, CIECAYIOINNA BaXKHBIM 11ar 110 TOCTHXKE-
HUIO TTOCTABJICHHBIX IIEJIEH — 3TO MOCTPOCHUE TEMAaTUYECKUX MOJeINel, Onaroaaps
KOTOPBIM B MTOCJICACTBUY OBUTH IMTOTYYEHBI CEMAHTHUECKHUE SPa TEM.

bbutn mocTpoeHsl 1Ba BU1a TEMATUYECKUX MOJIEIIEH: HA HCXOJHOM KOJUIEKIIUN
TEKCTOB M Ha KOJUIEKIIMH, TJIe¢ HEKOTOPbIE Te€PMbI ObUTH 3aMEHEHBI KOJJTOKAIUSMHU.
Komnokarust — 3To c10BOCOYETaHUS, UMEIOLIEE MPU3HAKK LIEIOCTHON ceMaHTH4e-
CKOM M CHHTaKCUYECKOW €IMHULIBI.

JU1st MOCTpOEHUs TEeMaTUYECKUX MOJIENIEN MCIIOJB30BAJICA MOJXO0/ € 100aBIe-
HUEM aJlIuTUBHON perymnspusanueii (ARTM), ¢ ucnonb3oBaHuEM TpeX peryisipusa-
TOpOB: pa3pexkuBanue @, pazpexuBanue O, nekoppenrpoBanue TeM. Takxke, Obun
UCCIIEIOBAHBI PAa3JIMYHBIC CTPATETUU MPUMEHEHUS PETYIISIPU3aTOPOB.

1 cmpamezus:

1 — 5 ureparnuii: 6e3 peryaspu3aropos.

6 — 10 nrepaumii: Pa3pexxnBanue ©.

11 — 15 wrepanuii: PazpexuBanue .

16 — 40 urepauuii: JlekoppenupoBaHue TeM.

2 cmpamezus:

1 — 5 ureparuii: 6e3 peryasapu3aTopoB.

6 — 20 urepauuii: papexuBanue O + paspexupanue O.

21 — 40 urepanmii: JlekoppenupoBanue TeM (C ”3BMEHEHHUEM MapaMeTpa T).

3 cmpamezus:

1 — 10 utepanuii: AeKOPPETUPOBAHUE TEM.

11 — 30 urepanuii: pazpexkuBanue ©.

31 — 40 urepauuii: pazpexubanue O.
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Tabmuia 4.1

[TapameTpsl perynspu3aropos

A [ B T Cc) [ D2 | EQ | FG) | GB)
Pazp. © -0.5 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4
Pazp. © -0.5 -0.7 -1.5 -0.5 -1.5 -0.5 -1.5
Jexopp. 10° 10° 10° 50°, 50°, 10° 10°
Tem 10° 10°

Ha npencrasnenHoi Tabnuile yka3zaHbl 3HAUCHUS MapaMeTpa T JJI Pa3HbIX
peryisipu3aropoB, Mpu MOCTPOEHUHU pa3HbIx Moxenel (A — ), B ckoOkax y Ha3Ba-
HUSI MOJIEJIM YKa3aHa CTpaTerusl perysspu3aiiu.

PaCCMOTpI/IM IMOJIYYCHHBIC PC3YJIbTATHI KAYCCTBA MO,Z[CJIGP'I 110 OCHOBHBIM MCT-

pUKaMm:
Tab6suna 4.2
MeTpuku noctpoeHHbIX Mogesied ARTM
Perp. Train | Perp.Test | Purity Contrast Sparsity ®© Sparsity ©
A 2202 1960 0.70 0.78 0.89 0.45
B 2198 1959 0.70 0.77 0.89 0.50
C 2197 1951 0.69 0.76 0.89 0.59
D 2231 1974 0.71 0.79 0.90 0.44
E 2228 1965 0.70 0.78 0.89 0.58
F 2169 1948 0.70 0.78 0.89 0.45
G 2167 1941 0.70 0.77 0.89 0.62

bruta BeiOpana monens G, mokasasilias XOpoIlne MOKa3aTeiIy Mo BbIOpaHHBIM
BHYTPEHHUM METPHUKAM OLICHUBAHUS TEMAaTUUYECKUX MOJEIIEH.

[Ipy mocTpOoEHUM TEMATUYECKOW MOJEIU HA KOJUIOKAIMAX HCIOJIb30BAIHMCH
T€ YK€ CTPATErUM PETYISIPU3ALMHA U T€ K€ 3HAYEHHUs mapamerpa T.

Paccmorpum nonydeHHble Pe3yNIbTaThl KaueCTBA MOJETIEH IO OCHOBHBIM MET-

pHUKaMm:
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Tabmuia 4.3
Mertpuku noctpoeHHbix ARTM Ha koiutokanusx
Perp. Train | Perp.Test | Purity Contrast Sparsity ® Sparsity ©
A 3129 2769 0.69 0.76 0.89 0.49
B 3124 2767 0.69 0.75 0.89 0.54
C 3121 2753 0.68 0.75 0.89 0.63
D 3182 2794 0.70 0.77 0.90 0.48
E 3178 2780 0.69 0.76 0.89 0.62
F 3082 2747 0.68 0.73 0.89 0.51
G 3078 2735 0.67 0.73 0.88 0.64

brina BeiOpana mozens E, moka3zaBiiias XopoIime rnokasareiy o BHyTpeHHUM
Metpukam. [lo nepriexkcnu Mojiesib 3aHUMAET HE IEPBOE MECTO, HO B KOHTEKCTE TO-
CTPOCHHMS MOJIEIIEH JUIs1 aBTOMATUYECKO CYMMapHU3aliu TEM, IEPILUIEKCUS] YCTYIIAaeT
JPYTUM METPUKAM 110 BaKHOCTH.

[Tocne BbIOOpa Moaenel OblUIM MOTYyUYEHbl CEMAHTHUECKHUE SIIpa OT MOJENeH
G, E nns Bcex 15 tem. Tak kak kakA0My TOKYMEHTY COOTBETCTBYET CTPOKA B MaT-
pulie ®, KoTopas SIBISETCA PACHPEACICHUEM TEM I JAHHOTO JTOKYMEHTA, TO JUIS
Ka)KJIOTO JIOKyMEHTa Obljla BHIOpaHa METKa TOW TeMbI, BEPOITHOCTh MPUHAIICKHO-
CTH K KOTOpOH ObTa MakcuMalibHa. Takum 00pa3oM, KaXJI0My JOKYMEHTY MBI CO-
MOCTaBWIN ABE METKU LG, Lg — METKH TeM, K KOTOPBIM, 10 MHEHHUIO TEMAaTUYECKHUX

mozaenent G, E npunannexan JaHHbBIA JOKYMEHT.

4.5 Bp100p KJII0YEBBIX TEMATHYECKUX NMPeEIJI0KEHHU.

JUJis 1oNTydeHus: Ha3BaHUM U CyMMapHU3aluil TeM OT OOJIBIINX S3bIKOBBIX MO-
nenen, HeoOXoaMMO OBLIO TOMYYUTh HE TOJIBKO CEMaHTHUYECKHE Sipa, HO TaKxkKe
KJIIOYEBBIE MPEJIOKECHUS IS KaKOW TEMBI.

AJITOPUTM HAXOXKJICHUS KIIOUEBBIX TEMATUUECKUX MPEAJIOKEHUMN JJIs1 HEKO-
TOPOI TEMBI ti U METOK OfHOM U3 Mozaenen G, E:

1. Oto6parh MOKYMEHTHI, T/I€ XOTs OBl OJTHA U3 METOK L; paBHseTC ti
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2. Jlns xaxaoro mpeayioKeHUs O4epeHOro TOKyMEHTa paccuuTarb MOIU-
durnupoBanHyio Mepy Kakkapa OTHOCHUTEIBHO KIIFOYEBBIX CIIOB TEMBI t;

3. BoiOpars nepBbie k npemsiokeHuid, ybe 3HaY€HHE MOAUPUIUPOBAHHOU
mepbl JKakkapa BbIIIE, YeM Y APYTHX.

Jnis moguduimpoBanHoi Mepbl XKakkapa He00X0IMMO OBLITO BEIOpATh 3HAYE-
HUE napaMerpa o. /s 3Toro ObUIM MPOU3BEAEHBI 3aIlyCKU aIrOpUTMa IpU pa3HbIX

sHageHusx o = 0.3, 0.5, 0.7 u mpu k = 30.

Modified Jaccard (alpha = 0.3)

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 o1

Modified Jaccard (alpha = 0.5)

© 1 2 2 4 5 6 7 8 3 1013 1z 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 o1

Modified Jaccard (alpha = 0.7)

01 2 3 4 5 & 7 8 9 1011 12 13 14 15 16 17 18 15 20 21 22 23 24 25 26 27 28 29 0.1

Pucynok 4.4 TemioBele kapThl pacnpeaesieHus Mepsbl JKakkapa

M CTOYHUK: CKPUHILIOT aBTOPCKOW MPOTrPaMMBbI

Takum 00pa3oM, Ha TEIJIOBBIX KapTax MPEJCTABICHO paclpeleIeHue 3Haue-
Huil Mepbl JXKakkapa 110 TeMaM U KJIF0YEBBIM MPEATIOKEHUSIM, IPU Pa3HbIX 3HAYCHHUAX
anbda. Camble BBICOKHE 3HAYEHHS JJOCTUTAIUCH TTpH o = 0.3, mO3TOMY JJIs1 JaIbHEeM-
IIMX U3BJIEYEHUI KIIFOUEBBIX MPEAJIOKEHUIN ObTIO BHIOPAaHO MMEHHO 3TO 3HAYEHUE

anbda.
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Jlns xax ot Tembl U IByX Mozeneit G, E 0b110 oToOpano 30 KiIr04eBbIX TIpe-
noxenuid. Takum oOpa3om, AJist KX 10i TeMbI OBLJIO COCTABIICHO JBa Habopa: (KIo-

YCBLIC CJIOBA, KIFOYCBLBIC HpGIIHO}KGHI/ISI).

4.6 IosryyeHue M OlleHKA HA3BAHUH M ONMUCAHUH TeM

Jist kKax10¥ TeMbl ObLI0 C(hOPMHUPOBAHO 6 BApUAHTOB OObETUHEHUSI TEMaTH-
YEeCKUX MOJIeNIel U cTpareruit popMupoBaHUS 3aPOCOB:

— Ez: monens E u crparerus zero—shot.

— Ef: mogens E u cTtparerus few—shot.

— Ei: monens E u crparerus iterative—improving.

— Gz: moxenb G u cTparerus zero—shot.

— Gf: monens G u ctparerust few—shot.

— Gi: moxenb G u cTparerus iterative—improving.

OTMeTuM, 4TO B IAaHHOM CJIy4ae, IOl MOJIENIbIO MBI ITO/Ipa3yMeBaeM napy 3Ha-
YEHUH, KOTOPBIE OT HEE 3aBUCST — (CEMAaHTUYECKOE SJIPO, KIIFOUEBbIE MPETIOKECHHS)
JUTSL KQKJIOM TeMbl (TaK Kak, B 3aBUCUMOCTH OT MOJIETT MbI TI0Jy4aeM pa3HbIe ce-
MaHTHUYECKHE sI/Ipa, M KaK CJIEICTBHUE, PA3HbIE KIIOYEBBIC MPEIJIOKEHNUS).

JInsi reHepanMyM Ha3BaHMM W CyMMapHu3alldil HMCIOJIb30BalaCh MOJEIb
deepseek-r1-distill-llama-70b: auctunupoBanusiii deepseek-r1-145b B llama2-70b,
TO €CTh, MOACIb llama2-70b oOyuniiu Ha oTBeTax Oojee KpymHoi Mmojaenu deepseek-
r1-145b.

Takum oOpazom, aJisi KaXa0l TeMbl ObUIO chopMUPOBaHO MO 6 BapUAHTOB
Ha3BaHUU U KPAaTKUX ONKMCAHUM.

Hanee, He0OX0AMMO OBLIO MPOBECTH OLCHKY IMOJIYYEHHBIX BApUAHTOB 0e€3
MIPUBJICUEHUS YKCIIEPTOB. bhl BRIOpaH BapHaHT MPOBENCHUS MTAPHOTO CPABHEHHUS:
OTHOCUTEJIBHO KaXXJIOM TeMbl, Mbl CO3/Ja€M Mapbl OTBETOB U CIPAILIUBAEM Y MOJIE-

JIEU—OLICHIIMKOB, KAKOM BAPUAHT OKA3aJICA JIyYIlIE.
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I[J'ISI OoJbIICH HC3aBHUCUMOCTH, AJIs1I OICHHMBAHUA OBLIO MCIIONB30BAHO 5 pas3-

JIMYHBIX MOJICNIEH:

nvidia/llama-3.1-nemotron-ultra-253b-v1.
google/gemma-3-27b.
gwen/qwen-2.5-72b.
deepseek/deepseek-chat-v3-0324.

mistralai/mistral-small-3.1-24b-instruct.

Takum 00pa3oM, OTHOCUTENHEHO KaXKI0M TeMbI ObLIO copMupoBaHo 15 map

115 otleHuBaHus. Beero Ob110 momydeno 1125 map.

beuta chopMupoBana MaTpuLa pe3yJIbTaToB:

Tabnuua 4.4
Marpuiia pe3ylbTaToB MapHOTO CPABHEHUS

Ez Ef Ei Gz Gf Gi
Ez - 42 32 49 43 47
Ef 33 - 54 61 56 63
Ei 38 21 - 44 45 45
Gz 26 14 31 - 48 33
Gf 32 19 30 27 - 50
Gi 28 12 30 42 25 -

I[J'ISI OIIPCACICHHNA CaMOr'0 HAMJIY4IICTrO BapruaHTa ObLIa IMOCTpOCHA CTATUCTU-

yeckas Mozesib bpanu—Teppu. 3HaueHrs MaTpullbl Pe3yJabTaTOB HUCIOJIb30BAIUCH

KaK Ko PUIIMEeHTH Wij MEeTO/a TPOCThIX UuTeparuii mo popmyse (3.24), rae HoBoe

3HAYEHHUE BEKTOPA CUJI MOJIYyUasicsl 4yepe3 NpaBylo 4YacTh (POPMYJIbI, I1I€ UCIIOJIb30Ba-

JIOCh 3HAQYEHME BEKTOPA CUJI C MPEABIAYIIEH UTEPALTUH.
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B kauectBe HauanpHOTO NMpUbIMAKEHUs OB BIOpaH Bektop (0.5, 0.5, 0.5, 0.5,

0.5, 0.5) u anroput™ padoTas 10 MOMEHTa JOCTHXKEHUSI TOUHOCTH 00-HOPMBI Pa3HO-

CTH IBYX BCKTOPOB CUJI, IIOJTYYCHHBIX, HA TGKYHlCﬁ )41 HpGI[LII[YHIGﬁ HUTCpaluAX, 3Ha-

yenus 10, Anropurwm comescs 3a 12 urepanuii.

BbL1 noy4yeH cienyomuii BEKTOp CHIL:

Tabnuua 4.5
Bekrop cuin
Ez Ef Ei Gz Gf Gi
1.344 2.154 1.048 0.715 0.756 0.619

Takum 06pa30M, MOXHO CACJIaTh CJICAYIOIMINC BEIBOABI:

CamMbIM JTyumuM BapuaHToMm okaszanucs Ef.

3HaueHusi CUJ TPYIILI, e OblIa 3aaeicTBOBaHa Mosenb E, Bwiiie, yem

3HAYEHUsI CUJI rpymnmnsl Mogenu G.

CHGI[OB&T@HBHO, MOKHO ITPEAIOJIO0XUTDb, YTO CCMAHTHYCCKHUC sAaApa MOACIIN E

OKa3aJIMCh JIy4dlic, 4eM y MOICIU G, pInIb: | I[aHHOﬁ KOJUICKIHUKW TCKCTOB, YTO ITO3BO-

JUJI0 B JajJbHEUIIEM OOJBIION S3BIKOBOM MOJEIH JIyUllle MOHATh CMBICT TeM U

chopMupoBaTh peleBaHTHBIC Ha3BaHUS U cyMMmapu3anuu. OJHUM M3 KITFOUEBBIX

pa3iauuuil MOJENel 3aKiIouaioch B ToM, uTo E Oblta 00yueHa Ha KOJUIEKIIUK Hayd-

HBIX TCKCTOB, I'TIC HCKOTOPBIC IIAPHBI TCPMOB OBLIM 3aMEHEHBI OJHUM (KOJIJIOKaI_II/II/I).

BepOHTHO, 9TO IMO3BOJIUIIO MOACIIN JTY4IIC BbIACIUTb TCMbBI N1 UX KIIIOUCBLIC CJIOBA.

BapuanTtsl Ha3BaHUii:

Tabnuia 4.6

HasBanue tem (Ef)

Topic 0 Algorithmic Problem Solving and Computational Methods
Topic 1 Health Research and Outcomes

Topic 2 Quantum Mechanics

Topic 3 Theoretical Physics
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[Tponomxenue Tab. 4.6

Topic 4 Materials Analysis

Topic 5 Galaxy Clusters

Topic 6 Astrometry

Topic 7 Particle Interactions

Topic 8 Research Methodologies

Topic 9 Treatment Evaluation and Comparison
Topic 10 Computational Physics

Topic 11 Protein Signaling and Expression
Topic 12 Phase Transitions

Topic 13 Surgery

Topic 14 Electron Interactions and Material Properties

Tabnmuua 6. HazBanus tem (Ef)

BapuaHTel KpaTKUX OIUCAaHUN TEM:

Topic 0:

Algorithmic problem solving and computational methods focus on the devel-
opment and application of algorithms to tackle complex mathematical and real-
world problems. These methods often involve graph theory, matrix operations, and
optimization techniques to analyze and model systems. Key concepts include prob-
lem decomposition, network analysis, and the use of theorems to establish solutions.
Applications range from scientific computing to machine learning, emphasizing ef-
ficiency, scalability, and precision in addressing challenges across diverse domains.

Topic 1:

Health Research and Outcomes examines the study and management of vari-
ous health conditions across diverse populations. This field encompasses both public
health aspects and individual patient care, with a focus on research methodologies,
data collection, and the analysis of health metrics. It includes investigations into re-

productive tract infections, mental health, physical therapy, and surgical procedures,
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while addressing specific demographics such as children, adolescents, and particular
patient groups. The topic emphasizes the use of scoring systems, research findings,
and study outcomes to enhance our understanding and improvement of health con-
ditions.

Topic 2:

Quantum mechanics explores the behavior of matter and energy at the small-
est scales, focusing on the principles governing quantum systems. It delves into the
mathematical framework describing states, operators, and interactions, including
concepts like wave functions, Hamiltonians, and density matrices. The field exam-
ines phenomena such as superposition, entanglement, and decoherence, which dis-
tinguish quantum systems from classical physics. Techniques like the interaction
picture and master equations are used to study the dynamics of these systems, in-
cluding their transition to classical behavior in specific limits. Applications range
from fundamental theories to emerging technologies in quantum computing and in-
formation science.

Topic 3:

Theoretical physics explores the mathematical and conceptual frameworks
that describe physical phenomena, focusing on the development and solution of
equations governing fundamental laws. Central to this field are the study of
spacetime, cosmological models, and the behavior of energy and matter. Key aspects
include analyzing solutions to equations of motion, understanding curvature in
spacetime, and examining the implications of these solutions for our comprehension
of the universe. Theoretical physics often combines principles from relativity, quan-
tum mechanics, and thermodynamics to address questions about the nature of reality,
from the smallest particles to the entire cosmos.

Topic 4:

Materials analysis involves the evaluation and characterization of materials to
determine their properties and performance under various conditions. This field en-
compasses a wide range of techniques and methods to assess the structural, chemi-

cal, and physical characteristics of materials, often involving comparisons between
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different samples and compounds. Whether through laboratory experiments, com-
putational modeling, or advanced imaging, the goal is to understand material behav-
ior, optimize their use, and develop new applications across industries.

Topic 5:

Galaxy clusters are studied through observations and emissions to understand
their structure and galaxy distribution. Methods like spectrum analysis and luminos-
ity measurements are used, focusing on density, radius, and other factors. This helps
in understanding how galaxies are arranged within clusters and their properties.

Topic 6:

Astrometry involves the precise measurement of celestial objects' positions,
distances, and movements. It employs various techniques to handle errors and en-
hance accuracy, including Bayesian methods and least squares estimates. This field
addresses challenges in determining the positions of sources like stars and moons,
often using sophisticated statistical approaches to manage measurement uncertain-
ties. Key aspects include signal processing, imaging optics, and the application of
diffraction formulas to improve data analysis. Astrometry is crucial for understand-
ing the dynamics and structures of the universe through accurate and reliable posi-
tional data.

Topic 7:

Particle interactions involve the study of processes where subatomic particles,
such as neutrinos, quarks, protons, and photons, engage in fundamental forces and
exchanges. These processes include production mechanisms, decay pathways, and
energy transfer dynamics, which are crucial for understanding the behavior of matter
and energy at microscopic scales. Key aspects explored include cross-sections,
which measure the likelihood of interactions, and the role of mediators like photons
in facilitating these exchanges. Calculations and modeling play a significant role in
predicting and analyzing these phenomena, enabling insights into the underlying
physics of particle physics and its applications in astrophysics and beyond. By ex-
amining these interactions, researchers can elucidate the mechanisms governing par-

ticle production, decay, and their contributions to broader physical systems.
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Topic 8:

Research methodologies encompass the systematic approaches and tech-
niques used across various scientific disciplines to design, conduct, and analyze ex-
periments. These methods focus on sample selection, control groups, and perfor-
mance evaluation to ensure reliable and generalizable results. Applications range
from medical research, where glycemic control and genetic analysis are critical, to
engineering, where signal processing and network performance are optimized. The
integration of quantitative analysis, statistical tools, and advanced computational
methods underpins the development of robust research frameworks, enabling accu-
rate conclusions and informed decision-making across diverse fields.

Topic 9:

Treatment evaluation and comparison involve the assessment of various ther-
apies across different diseases to determine their effectiveness and safety. This pro-
cess includes analyzing patient responses, comparing treatment outcomes, and iden-
tifying optimal strategies for managing conditions such as glaucoma, COPD, and
other chronic diseases. Through randomized controlled trials, meta-analyses, and
clinical observations, researchers aim to provide evidence-based recommendations
to improve patient care. The focus is on understanding how different therapies im-
pact disease progression, symptom management, and quality of life, ultimately guid-
ing healthcare providers in selecting the most appropriate treatments for their pa-
tients.

Topic 10:

Computational physics focuses on the numerical simulation and analysis of
physical systems to understand their behavior under various forces, densities, and
dynamic conditions. This field employs mathematical models and computational
techniques to study particle motion, fluid dynamics, and electromagnetic interac-
tions. By solving equations of motion and using methods like Monte Carlo simula-
tions, researchers explore phenomena such as phase transitions, critical points, and
particle trajectories, providing insights into broader applications in materials sci-

ence, astrophysics, and beyond. The integration of these computational tools allows
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for the analysis of complex systems that are challenging to study through experi-
mental means alone.

Topic 11:

Protein signaling and expression involve the study of how proteins are pro-
duced, modified, and regulated within cells to mediate various biological processes.
These mechanisms are crucial for cellular communication, metabolism, and re-
sponses to external and internal stimuli. Research in this field explores how proteins
interact with receptors, signaling pathways, and other molecules to trigger specific
cellular activities. Through experiments in models such as mouse studies and human
tissues, scientists investigate the effects of protein activation and expression on
health and disease, including inflammation, cancer, and immune responses. Under-
standing these processes is essential for developing therapeutic interventions to
modulate protein function and improve treatment outcomes.

Topic 12:

Phase transitions represent the study of changes in the state of matter and en-
ergy under varying conditions such as temperature, density, and pressure. These
transitions are explored through theoretical and computational methods to under-
stand the behavior of systems across different regions of phase space. Key aspects
include the analysis of isospin distributions, energy density, and the role of simula-
tions in predicting system behavior. The field examines how systems evolve be-
tween states, such as liquid, gas, and coexistence phases, and how these transitions
are influenced by factors like binding energy and particle interactions. Computa-
tional tools, including exact diagonalization and density matrix methods, are em-
ployed to model and predict these phenomena. The study of phase transitions is crit-
ical for understanding physical systems at various scales, from nuclear matter to as-
trophysical objects.

Topic 13:

Surgery encompasses a broad range of medical procedures aimed at diagnos-

ing, treating, or managing various conditions, including tumors, injuries, and dis-
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eases. Surgical interventions often involve complex decision-making regarding tech-
niques, patient preparation, and postoperative care to optimize outcomes. Key con-
siderations include minimizing complications, managing tissue health, and ensuring
effective treatment plans tailored to individual patient needs. The evaluation of sur-
gical success is crucial, focusing on recovery, recurrence prevention, and enhancing
the quality of life for patients across diverse clinical scenarios.

Topic 14:

This topic explores the behavior of electrons in various material systems, fo-
cusing on their interactions, energy states, and the influence of external factors such
as magnetic fields and charge distribution. It delves into the analysis of electronic
structures, phase transitions, and the effects of interactions like Van der Waals and
Coulombic forces. The subject encompasses both theoretical and computational ap-
proaches to understand phenomena such as conduction, magnetic properties, and
quantum effects, ultimately aiming to advance the understanding of material prop-

erties at a microscopic level.
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3AK/IIOYEHUE

B mannO# paboTte ObuTa paccMOTpeHa 3a/1a4a TEMaTHIECKOTO MOJISTTUPOBAHHUS
KOJUIEKIIMM HAy4YHBIX CTAT€ C MOCIEIYIONIUM HCIOJIb30BAHUEM TEMATHYECKUX
MPEAICTABICHUM ISl TEHEPAIMKM Ha3BaHUN M OMUCAHUN TEM C MMOMOIIBIO OOJBIINX
A3BIKOBBIX MOJEJIEH.

B xone paboThl ObL1a MCITOIB30BaHa KOJUIEKITHA “ccdv/arxiv-summarization”,
IpoIIeIIast 3Tan THIATeIbHON MpeaoOpaboTKH, BKIIOYAIONIEH OYUCTKY OT pas-
METKH, yJaJeHHuEe MyHKTyalluH, JeMMAaTU3alu0 U (QUIBTPALMIO IO CTOI-CIIOBaM.
[IpoBenéH aHanM3 CTPYKTYPhI IOKYMEHTOB, BHISBUBIINN OCOOCHHOCTH pacIipejierie-
HUS TIPEIOKCHUHN U ITTHHBI TEKCTOB.

Oco6oe BHMMaHUE OBLIO YACJIEHO BHIOOPY UHCIa CKPBITHIX TeM. [lepBoHa-
YaJbHO NMPOTECTUPOBaHHBIN MeToa K-Means He nmokas3ai yJ0BIETBOPUTEIBHBIX Pe-
3yJbTAaTOB H3-3a CIa0O0N pa3AeMMOCTH B 3MOEIJIMHTOBOM MpocTpaHCTBe. boiee
aJICKBAaTHBIN PE3ybTaT ObLI JOCTUTHYT MyTEM niepedopa unciia TeM B Mmojaenu PLSA
Y aHaJlli3a METPUK MEPIUIEKCUU, YUCTOTHI U1 KOHTPACTHOCTH, B PE3YJIbTATE YETro OIl-
TUMaJIbHBIM YHUCJIOM Te€M ObLI0 BBIOpaHo 15.

Jlns nanpHeHero ananmu3a ObUTH TIOCTPOSHBI TeMaTndeckrue Mojenn ARTM
C Pa3TUYHBIMH CTPATETUSAMH PETyJIIpU3anuy. Hauaydmmmu 1mo COBOKYITHOCTH MET-
pUK KadecTBa (MEPIUICKCHUS, YUCTOTA, KOHTPACTHOCTh, PA3PEKEHHOCTH) CTATU MO-
nenu G (Ha ucxoiHoM koyuiekiuu) U E (Ha KOJUIEKIMU ¢ KOJUIOKAUAMH). DTU MO-
Jieu ObUTM MCIIOJIB30BaHbBI JIJIS BBIJICJICHUS CEMaHTUYECKHUX SIAEP TEM U COOTBET-
CTBYIOITIUX KITFOYEBBIX TEMATHYECKUX MPEUIOKEHUMN, TTOJOOPAHHBIX C MTOMOIIBIO
MoAr(pUIIMPOBAaHHON Mephl XKakkapa.

Ha ocHoBe ceMaHTUUECKUX SFEP U KIFOUEBBIX MPEI0KEHUN ObLIIA CTeHEepH-
pPOBaHBI HA3BAHUS U OMUCAHUS TEM C IPUMEHEHHEM PA3JINYHBIX CTPATETUH B3aUMO-
neiictBus ¢ LLM (zero — shot, few — shot, iterative — improving). 1Jis o1ieHKH Ka-
YEeCTBa TMOIYYEHHBIX PE3yJIbTaTOB ObliIa MPOBEACHA MaclITaOHas MpoIeaypa map-

HOT'O CpaBHCHMS C UCIIOJIB30BAHUEM IIATH PAa3JIMYHBIX MOI[GJICﬁ-OH@HH.II’IKOB.
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Pe3ynbrarhl cpaBHEHUN ObUIM arperupoBaHbl C TTOMOIIBI0 CTATUCTUYECKOM
monenn bpanmu—Teppu, 4TO MO3BONHIO ONpeAenuTh Hambosee 3¢P(HEeKTUBHYIO
CTpaTErvIO FEHEPALUU.

HawnGonee »¢ddexkTuBHBIM BapuaHTOM OKa3ajach TeMaTHYECKas MOJENb
ARTM, noctpoeHHast Ha KOJJIEKIIMH C KOJUIOKALHUSIMH, U B3aUMOJIEUCTBHUE C 0OJIb-
IIOH A3BIKOBOM MOJICNBIO TIPU MoMolu ctpaTeruu few — shot, koraa B 3amnpoc jio-
OABJISIIOTCSA MOJIOKUTENBHBIE U OTPULIATEIBLHBIE IPUMEPHI.

3HaYUMOCTb JAHHON pabOThl 3aKJIIOYAETCSA B TOM, YTO OBLI pa3paboTaH HO-
BbII METO/1 aOCTPAaKTUBHOM CyMMapu3alluy TeM, C UCIIOIb30BaHUEM TEMATHYECKOTO
MOJICJIMPOBAHUS M OOJIBIIMX S3BIKOBBIX MOJIEJIEH, MOBBIIAIONINI UHTEPIIPETUPYE-
MOCTb TeM. Taxke, ObUT IPEII0KEH METO AaBTOMAaTUYECKOTO OLCHUBAHUS TOJY-
YUBIIUXCS HA3BAaHUW U KPATKUX OMMCAHUMN, IPU MOMOILY TAPHOTO CPAaBHEHUS U MO-
CTpPOEHHMS cTaTucTHUecKor Mosienu bpannu — Teppu, nmo3Bosisironnii MacTabupo-
BaTh UCCIIE0BaHUS 110 pa3paboTKe CUCTEM aBTOMAaTUYECKOW CyMMapH3alluu U uMe-

HOBaHMUA TEM, 0e3 UCITOJIb30BaHUS 9KCIICPTHBIX OLCHOK.
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