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IIpenmaraercss MeTon paHKUPOBAHMS KOPITyCa TEKCTOB HOBOCTHOTO MOPTAaJja Ha OCHOBE MEpP
IEeHTpaJIbHOCTH Tpada. KaxKaoMy TEKCTy CTABUTCS B COOTBETCTBHE BEPIIHUHA HEKOTOPOTO
rpada, a ero CTpyKTypa OIIpeesseTcss HA OCHOBE CEMAaHTHYECKOI CBSI3HOCTU TEKCTOB. B Ka-
YeCTBE MePHI IEHTPAIBHOCTH UCIIOIb3yeTcs 3HavueHne MaiiepcoHa B KOOIIEPATUBHOIT UTpe Ha
rpade, rie Kak XapaKTepUCTUIeCKasi (DYHKIINs BEIOPAHO YMCJIO MPOCTHIX ITyTel B moarpade
ompeneseHHON AauHbl m. s 3HaYeHU#t m paHKUpOBaHHe Ha 0a3e 3HadeHuit Maitepcona
Oymer pazauaHbiM. J[71sT OKOHYATETBHOTO PAHYKUPOBAHUS TIPEIIAraeTCs MPUMEHUTD TPOIe-
IyPY PAHZKHUPOBAHUS C MIOMOIIBIO TYPHUPHON MATPHUIlBl. PaboTa ajropurMa paHKUPOBAHUS
[IPOMJIJIFOCTPUPOBAaHA Ha YUCJIEHHBIX IIPUMEpPaX, CBSI3aHHBIX C KOHKDETHBIM IIOPTAJIOM HO-
BOCTEH.

Karouesvie cao6a: KOPIIyC TEKCTOB HOBOCTEH, rpad, Mepa IeHTPAaIbHOCTH, 3HaUeHne Maiiep-
COHA, TYPHUPHAsS MATPHUIlA, IPOIEAYyPa PAHKUPOBAHUS.

1. Beenenmne. B cBa3u ¢ pazsutuem MHTEepHETA 3HAYUTETHHO BO3POCO KOJIMIECTBO
TEKCTOBOH UHMOpMAIMUA. ArperaTopbl, MOMCKOBUKH, & TAKYKE PA3IUIHBIC HHTEJJIEKTYa b
HBbIE CUCTEMBI CTPYKTYPUPOBaHUsT MH(MOPMAINN TPUMEHSIFOT MHOYKECTBO METOJIOB JIJIsI CBSI-
31 mHMOPMAIMOHHBIX TOTOKOB. O HIMEU 13 HANOOJIee YaCTO UCIOJIb3YEMbIX IOIX0/I0B SB-
JIAIOTCA TOCTpoeHne rpadOBBIX MOJENIeH U X JAajbHelmuil anamms. Takue MOen MOTyT
OBITH MOCTPOEHBI HA OCHOBE BBIJIEJIEHNsI CEMAHTHIECKUX CBS3€H B KOPILyce TEKCTOB [1].

Cy1irecTByeT yCTOSBIMUICS MPOIece 0O0PabOTKU TEKCTOB, KOTOPBIA TO3BOJISIET BbIIE-
JISITH CEMAHTUYECKYIO CBSI3aHHOCTb HA OCHOBe cojiepkanust. OH COCTOUT M3 OUUCTKHU TEK-
cTa, IPUBEJIEHUs] CJIOB K MUHUMAJILHON (hOpMe U TOCTPOEHUSI BEKTOPHON MOJIE/IN KOPILYCa
[2], koTOpast TaeT BO3MOKHOCTD M3y IE€HUsT TEKCTOB YK€ GE30THOCUTENLHO UX KOHKPETHOTO
COJIEPXKAHUS.

Knaccuueckoii 3ajadeil aHaim3a KOpIlyca TEKCTOB WU HabOpa JIOKYMEeHTOB (BeG-
CTPAHUIL) SBJIETCA PaHKUpoBanue. JlaHHAasg IPOLELypa MO3BOJSIET OIPEIEIUTh, KAKOi
U3 JIOKYMEHTOB SIBJISIETCsSI KJIIOUEBBIM B HaOOpe, W BBIIATH PEJIEBAHTHYIO WHMOPMAIIIIO
B BHUJIE COPTUPOBAHHOIO II0 PAHIY CHHCKA JOKyMEHTOB. K TakmM ajropuTMaM OTHOCHUTCS
PageRank, paspaboranusiit Cepreem Bpunom u Jlappu Ileizkem B paMkax mccieoBa-
Tesibekoro npoekta BackRub mst ananmsa cesizeit mexxny BeG-cTpanunamu (3.

B rpadosbix Mojesnsx Jijist paHKUPOBAHUST MOYXKHO HCIIOJIb30BaTh MEPHI IEHTPAJIBHO-
ctu BepinuH u pebep rpada [4-10]. IleHTpaIbHOCTH BEPIINHBI OTPAXKAET, HACKOJIBKO XOPO-
10 paccMaTpUBaeMasi BEPIIUHA PACIIOJIOXKEHA HA IIYTsSX, KOTOPBIE COEJMHAIOT OCTAJIbHBIE
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BEpIIUHBI, ¥ COOTBETCTBEHHO, HACKOJIbKO AKTHBHO BEPIINHA YYACTBYET B IIPOIECCE PAC-
IpOoCTpaHeHnst HH(MOPMAIIMI MEXKJTy OCTAJbHBIMU BepInHaMu B rpade. s onpeaesenns
MepBbI IIEHTPAJIBHOCTY BEPIIUH MPEJJIAraeTCsi IPUMEHSITh METO/Ibl TEOPUU KOOIIEPATUBHBIX
urp, B actHoctu 3Hadenne Maitepcona [10-14]. B paGore [15] fu1st paHKHPOBaHUST PEKO-
MEHJIOBAH METOJT MAKCUMAJILHOTO IIPABJIOIOIO0HSI.

B nacrostimeit pabore mpojieMOHCTPUPOBAHO, KAK METO/IBI TEOPUH KOOIIEPATHBHBIX UI'D
MOI'YT OBITH WCIIOJIb30BAHBI JIJIsl PEIIEHNs 3a/Ia9K OIPEJIeIeHUs EHTPAJIbHOCTH BEPIINUH
rpada U [ocJIeYIONero uX paHKupoBanus. boura nmocrpoena rpadoBasi MOJIeIb KOPITyCa
TEKCTOB HOBOCTHOI'O IIOPTAJIa, /IJIsi KOTOPOH IIPOBE/IEHA [IPOIE/IyPa PAHXKUPOBAHUST TPEMSI
METOJIAME, ¥ CDABHEHBI [TOJIyYeHHbIE PE3YJIbTaThI.

Crarbst OCTpOEHA CJIeAYIONuM 00pa3oM. B 1. 2 paccMOTpeH aJirOpUTM TOCTPOECHWMST
rpadoBOil MoOJIeH JJIsi aHAJIN3a KOPIIyCa TEKCTOB, B II. 3 OIHMCAHBI METO/IbI TEOPUH KO-
OIEPATUBHBIX WUI'D, KOTOPBIE MOT'YT OBITH IIPUMEHEHBI JJIs PAHXKUPOBAHUS TEKCTOB IIPU
ncosbp30Banuu rpadoBoit Mojesnn. B 1. 4 onucan nporiecc noctpoenns rpadoBoit Mojesn
JIJTST 9KCIIEPUMEHTa Ha OCHOBE KOJIJIEKIINU HOBOCTHBIX TEKCTOB, B I1. 5 IPUBEJIEHBI PE3Y/IbTa~
ThI PAHKUPOBAHUS TEKCTOB HOBOCTHOI'O ITOPTAJIA ¢ TOMOIIHIO MOIN(MUITTPOBAHHOT'O METO/IA
Maitepcona, anropurma PageRank, a Takke o npasuiay Bopa.

2. ITocTpoenue rpacdoBoii Moaeau CBA3€il MHOXKECTBAa TeKCTOB. V3yunM KOJI-
JIEKIUIO JIOKyMeHTOB D. 3apaHee HEM3BECTHO, OObEIMHEHBI JIU TU JOKYMEHTHI KOHKPET-
HOIl TeMaTHUKON M CXOXKW JIH OHU 10 CMBbICTy. OIpejiesinM CTeleHb CXOJCTBA JIOKYMEHTOB
n3 KoJutekimu D.

B nepByro ouepeib HeOOGXOIUMO OUUCTUTD JOKYMEHTHI OT CJIOB U CHMBOJIOB, KOTODBIE
HE TIPEJICTABIIAIOT PEabHOIO0 MHTEPECca IPU IOCTPOEHUH MOJEIU. YIAJSIOTCH IIyHKTYya-
[MOHHBIE CUMBOJIbI U TAK HA3BIBAEMbBIE «CTOI-CJI0Ba» (MECTOUMEHUS, IPEJIOTH, MEeXK 0
merus u T. 11.). OcraBimecsd ¢jioBa (GOPMUPYIOT MHOXKECTBO CJIOB, COAEPIKAIIUXCS B KOJI-
geknyu D. O6o3znaunm ero W.

IIpumep 1.1. IIpogeMoHCTpHUpPYeM 3TAIbl 0OPAOOTKM TEKCTa Ha IPUMEpPE OTPBHIBKA
HOBOCTHU. VICXOHBII TEKCT:

Ockuz Gasera «Anna Kapenunas. Myssika P. Illenpuna, xopeorpad-mocTaHOBITIK
Kupuian Cumonos. I'maser u3 pomana JI. Tosicroro «Auna Kapenunas unmraer Mapuna
Iepenemmua (Mocksa) (16+). Mysbikanbublit Tearp. Io BXxonHbM Greram.

Ha mepBoMm sTare mpounsBejieHa TEXHUIECKAsT OIUCTKA TEKCTA!

scKn3 Hajiera aHHA KapEeHHHA My3bIKa P MEJAPUHA XOpeorpad MOCTAHOBIIUK KUPHILI
CHMOHOB IJIaBbI U3 POMAaHa JI TOJICTOI'O aHHA KAPEHNHA YUTaeT MaPUHA [IePeJIEINHA MOCKBA
MY3bIKAJIbHBIA TEATP IO BXOIHBIM OUjIeTaM

st kazkgoro ciosa w; € W BbLiesmM JiekceMy [; [16], koropast mpecrasiisier co6oit
COBOKYITHOCTH BCEX 3HAYEHUIT U TpaMMaTnIecKux (opM cjioBa B sizbike. OOIIee IrCII0 JIeK-
CceM M He MPEBOCXOJINT 00IIee YHICJI0 CJIOB KOJUIEKINU. BolieieHHbIe JJeKceMbl (POPMUPYIOT
MHOX)KecTBO JiekceM L. OJHMM M3 MeTOJIOB BBIJIEJIEHHUs JIEKCEM sIBJIsleTCst creMMuHT [17]:
CJIOBO, €CJIM 9TO BO3MOXKHO, [IPUBOJIATCH K MUHHMAJILHON (hopMme, I 9ero yIaJsiioTcs
cyddukcsl, npucraBku, okoHIaHus. [Ipu HEOOXOIMMOCTH TPOTECC MOYKET OBITH ITOBTOPEH
HEeCKOJbKO pa3. Hambosiee pacipocrpanen meton cremmunra [loprepa, moapobHoe onmca-
HHE KOTOPOIrO MOXKHO Haiitu B [18].

IIpumep 1.2. [[yist TekcTa, TPUBEIEHHOTO BBIIIE, 3AMUIIEM HAOOP CJIOB, U3 KOTOPHIX
bOPMHUPYIOTCS JIEKCEMBI TIOCTIE YIAJEHHUS «CTOI-CJIOB

3cKU3 OaJieT aH KapeHWH MY3bIK P IIEJIPUH Xopeorpad MOCTAHOBIIUK KUPUJLI CUMOH
IJIaB POMa JI TOJICT aH KapeHUH YUTa MAPHUH IIEPEeJIeNNH MOCKB MY3bIKAJIbH TE€ATDP BXOJIH
ouer.

64 Becrauk CII6I'Y. [Ipuknaguas maremaruka. Vudopmaruka... 2022. T. 18. Beim. 1



OHIM U3 METOJOB aHAIN3a JOKYMEHTa (€3 yueTa CHHTAKCHIECKOH CTPYKTYDBI HIIN
HOPSJIKA CJIOB B TEKCTE SBJISETCS MOJCIET KOJUYECTBA NOSIBJICHHI CJI0Ba B TeKcTe. st
STOrO C TOMOMIBIO TIOJIYYEHHBIX JIEKCEM MOXKET ObITh C(hOPMUPOBAH TAK HA3BIBAEMBIA Me-
moK c¢s10B [19] mokymenta d € D:

b(d) = (bi,, by, -, b1,,),

rje b;; — 4MC/Io CJIOB B JJOKyMeHTe d, TIOPOK/IAIOIINX JIeKceMy [j.

[TocTpoenHbIil TaKUM 0OPA30M MEIIOK CJIOB MMEET sIBHO BBIPAYKEHHYIO OCOOEHHOCT.
Cy1ecTByOT JIEKCEMbBI, KOTOPBIE OYIAYT YaCTO BCTPEYATHCS B JIFOOBIX CJIyYailHO BBIOpaH-
HBIX TEKCTAX, IPUYEM B 3aBUCUMOCTHU OT pa3Mepa JOKYMEHTa TaKue JIEKCEMbI MOTYT UMETh
OOMIBITINIT BEC, I€M Te, KOTOPbIE OIPEIEIIIOT €ro CeMaHTHUKYy. J[j1s Toro 9Tobhl TOHU3UTH
X 3HAYUMOCTD B MEIIKe CJIOB, OBIJIN CO3JIaHBI CIEIHAIbLHBIE METO/IbI, OCHOBAHHDBIE HA Pac-
CMOTPEHUHU KOPILyCa IeJIMKOM, & He OTIEeJbHOro JoKyMeHTa. OJMH U3 TaKuX METOJI0B —
npuMeHenne crarucrudeckoit Mepbl TF-IDF 1151 o1leHKM BaXXHOCTH JIEKCEMBI ITPU aHAJIN3E
KOJUIEKIUU JIOKYMEHTOB. B mpocreiineM ciydae BaxKHOCTD JIEKCeMbI (MM €e BeC) IPIMO
[IPOIIOPIMOHAJIbHA YACTOTE UCIIOJIL30BAHUS JIEKCEMBI B KOHKPETHOM JIOKYMeHTe t f 1,d B 00-
PaTHO MPOIMOPIIMOHAIBLHA IaCTOTE, C KOTOPOIl OHA BCTPEIAETCSA B KOJIIEKIINH JTOKYMEHTOB,
df, |20]. O6branO B bopMyse I BBIMUCIEHHs] MEPHI UCHOJIb3YeTCsl OOPATHOEe 3HAYEHUE
idf; = #f Torga 3HavYeHre Mephl JJIsi JIEKCEMBI | B JIOKYMEHTE d OIPEesIsseTCsi CIey -
UM 006pazoM:

Jia=1tfq-df,.

Bsemnem BekTop F; — BEKTOP Mep JIEKCEM, COJEPIKAIINXCA B JOKyMeHTe d:

Fog= (fi,ds fn,d)

Ha ocuoBe Habopa BeKTOPOB Mep jiekceM it M TOKyMeHTOB n3 KoJLIeKIuu [ MOXKHO
paccunTaTh CHMMETPUIHYIO MATPHUILY CXOJCTBa BEKTOPOB C, COCTOSIILYIO U3 JIEMEHTOB

Fy, - Fu;

[ Fa, I

cij = cos (Fy,, Fy;) = 2

KOTOPYIO MOKHO UHTEPIPETUPOBATH KAK MATPHUILY CXOJICTBA JOKYMEHTOB U3 KOJIIeKIu D:

C1,1 CM,1
C =

ci,mMm -~ CMM

B cBoro ouepeb, mo maTpurie C' MoxkeT ObITh ocTpoeHa marpuna . s sroro 3a-
JIaJINM TIOPOTOBOE 3HAYEHUE Cyj, TAKOE, UTO

1

0, wnHaue,

, €CI Cjj > Cip, J # 1,

I ; = i,j=1,..., M.

[ToporoBast BemamHa ¢4, BHIOMPAETCS SMIUPUIECKH B 3aBUCUMOCTHU OT OIPEIEJIEeHUs JI0-
CTATOYHON CEMAaHTHYECKON CBSA3U MEXKIY JOKyMeHTaMmu. dem oHa OoJibIle, Tem OoJee ce-
MAHTHYIECKHU CBS3aHHBIMHU OKA3bIBAIOTCS ITAPhl JJOKYMEHTOB, I KOTOPBIX B MATPUIIE IO~
JIydeHbl 3HaeHus1, paBubie 1. [TocTpoennas Takmm obpa3om marpuiia I MOXKeT paccMaTph-
BAThCS KAK MaTPUIIA CMEXKHOCTH JIJIsi HEKOTOPOI'O HEOPUEHTUPOBAHHOTO rpada (G, KOTOPHIi
MOXKET IIPUMEHSIThCS B KadecTBe rpadOBOil MO/ KOPITyCa, TEKCTOB.
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3. Pan>xmpoBaHue TEKCTOB HA OCHOBE TE€OPUHU KOOIIEPATUBHBIX WUTP.

3.1. 3navenue Matiepcona. Ilpu ucmonab3oBannn rpacoBOil MOJETN PAHIKIPO-
BaHUE TEKCTOB IPEJCTABJISeT COOOU MOUCK 3HAYEHUIl IMEeHTPaJIbHOCTH BepiuH rpada G,
OIHCHIBAEMOI'O C MOMOIIBI0O MATPHUIBl cMexkuoctu [. s onpesesiennst IeHTPAJIHHOCTH
BepIuH B rpade MOXKeT ObITh IPUMEHEH TeOPEeTUKO-UTPOoBOi nojxos. OnpejesmM Ha rpa-
dbe G = (V,E), tne V — muoxkecrso BepinH u E — MHOXKecTBO pebep, a TakKe KO-
oneparusuyio urpy I' =< Vv >, |V| = n. B 3710il urpe BepmmHbl CIy?KAT UIPOKAMU,
a xapakrepucruieckag pyukuug v(K), K C V, oupeensercsa KaK KOJUIECTBO IPOCTHIX
[y Teil JIIMHBL M B noArpade, MOPOXKIEHHOM MHOXKecTBOM BeprmnH K. Yucmo m = 1,2, ...
durcnposamno. Ouesnno, uro dbynknus v(K) asisgercs monotoHHoi, T. €. v(K1) < v(K3),
eciu Ky C Ky. Torma nyis panKupoBaHus BEPIIMH B rpade MOXKHO UCIO0JIB30BATh pele-
HI€e KOOIlepaTHBHOM Urphl B Bujie 3Havenns lensm — Maiiepcona. B paborax [12, 13] 6b110
[OKA3aHO, ITO B CIydae, KOrna xapakrepucrudeckas dbyukims v(K), K C V,, onpenenena
KaK KOJIMYEeCTBO BCEX MPOCTHIX IyTell JyinHbl m B noarpade K, To 3uadenune Maitepcona
JIJ1s1 UTPOKA ¢ PABHO

(1)

A

LJIe Gy, (1) €CTh YUCJIO MPOCTBIX IyTeH JJIMHBL 1, NPOXOJLAIIUX Yepe3 BepiumHy 4. [lyTu
21,12, ey Uk A By ..., 12,11 CIATAIOTCH OJIMHAKOBBIMU.

4

Puc. 1. I'pacd u3 gersipex BepimH

Hampuwmep, st rpacda u3 geTbipex BEpINWH, IPeJICTABJIEHHOTO Ha puc. 1, mis m =
2 smavenme MaifiepcoHa JjTst HTPOKa 2 PaBHO 3 = 4/3, TOCKOJILKY depe3 BepIIuHy 2
npoxomar 4 npoctbix myTn: (1,2,3), (1,2,4), (2,3,4) u (2,4,3). CregosaTensro, p3 =
4/3 = 1.333. A ana urpoxa 1 Bemmamna Maiiepcona @7 = 2/3 = 0.666, TOCKOIBKY Yepes
BepuuHy 1 npoxoagar jmimb asa wyta Jymast 2: (1,2,3) u (1,2,4).

Bepmumabr ¢ BoicokuM 3HavYeHueM MaiiepcoHa UrpatoT OOJIBIIYIO POJIb B CTPYKTYPE
rpada, BEpIINHBI ¢ HEOOJBITUM — He TakK BaXHbI. l1lokaykem 3TO Ha mpuMmepe rpada,
n306pakennoro Ha puc. 2. B taba. 1 nmpusBenennr 3uatdenns: MaiiepcoHa, BBIYUCIEHHBIE
JUTsl PA3IMYHBIX 3HAYeHuit m. BujaHo, 4TO, HAIpUMED, JJIs BEPIIHHBI 5 IEHTPAIbLHOCTH
CHJIbHO Bapbupyercs. Femm mist m = 1 9Ta BepiinHa mMeeT MAUHAMAJIBHBINA PAHT, TO IIpU
m = 4 OH MaKCUMAaJIbHBIIA.
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8

Puc. 2. Iamenenne BeuauH M B rpade U3 AeBATH BEPIIUH

Tabaruya 1. 3HaYEeHUs IEHTPAJIBHOCTUA BEpUINH rpada AJs Pa3IndHbIX M

Bepmuna
1 2 3 4 5 6 7 8 9
1 1 1.5 1 1 1 1.5 1 1
1.33 | 1.33 2 1 1 1 2 1.3 1.3

0.75 | 0.75 | 1.25 1.5 1.5 1.5 1.25 | 0.75 | 0.75
0.6 0.6 1 1.4 1.8 1.4 1 0.6 0.6
0.5 0.5 1 1.33 | 1.33 | 1.33 1 0.5 0.5
0.57 | 0.57 | 0.86 | 0.86 | 0.86 | 0.86 | 0.86 | 0.57 | 0.57
0.75 | 0.75 1 1 1 1 1 0.75 | 0.75

N oo ||| 3

3.2. Pewenue MHO20KpUMEPUAALHOT 3a0ayu. B padore [9] 6110 npeioxKeHO
B KaYeCTBE XapaKTEePUCTHIECKON (DYHKIIMU pacCMaTPUBATh MHOTOYUIEH BUIA

o(K,r) =Y An(K)r™, KCN, 0<r<1,

m=1

3nech A (K) — KOIMYecTBO IPOCTHIX IyTell AyIuHbl m B Hoarpade, HOpOKIEHHOM MHO-
skectBoM Bepime K. Torja snauenne Maiiepcona st urpoka i Oymer pasao [12, 13]

o (i)

pir) = 3 Imym e N,

= mt 1

LJIe Ay, (1) — 9IHUCIIO IPOCTHIX Iy Teil JUIMHBL 1M, IPOXOMSIINX Yepe3 Bepiuuny ¢. Hanpumep,

Jtst Tpada, MpeJICTaBIeHHOro Ha puc. 1, 3Hadenune Maiiepcona 1yt urpoka 2 6yaeT paBHO

3 45, 24

pa(r) = 27‘+ 3" + i (2)

BameruM, uro Bhipazkenue (2) zaBucuT oT napamerpa 7. Bapbupysa mapamerp or 0 g0 1,
MOKHO TIOJIy4aTh Pa3/IMUHbIE MOPSIKU PAHKUPOBAHUS BEPIIUH.

MOKHO TPEJJIOKUTH AJIBTEPHATUBHBIN [I0/IX0J1, UCIIOJIb3Ys JIJIsi PAHKUPOBAHUS BEP-
[IIMH aJbTePHATUBHBIE METOJbI HAa OCHOBE TYPHHPHOW MATPHIIBI, KOTOPAs COCTABJISIETCS
CJTEIYIONIAM OOPA30M.

Paccmorpum iByx urpokos (ase Bepimubl) ¢ u j. CpaBuuBag 3uadenust Maiiepcona
JUTsl PA3JIMIHBIX M, B MaTpune R;; craBuM 1 (BBIUIDBIII), €CJIH PAHT § B GOJBIINHCTBE
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cilydaeB Bbllle, YeM y j, craBuM 0 (IPOUIDBINI), €CJU PAHr ¢ B OOJIBIIMHCTBE CJIy4acs
ke, 9eM y j, u 1/2 (amubg), unade. Tax, mig rpada, n300pakeHHOr0 Ha pHUC. 2, 1O
3HAMEHUAM, IPUBEJICHHLIM B TabJl. 1, TypHUpHAsS MATPHUIA UMEET BHI

-~ L o0oo0o000 L1
120000 0 &1
2 2 2
11 000 L 11
111 011 11
R=|1 1 11 111 1 (3)
111 40 111
11 1000 11
100000 - 1
1T 000001 "
2 2 2

Hamnpumep, eciiu cpaBHUTH UTPOKOB b U 3, TO UI'POK 5 IPOUTPHIBAET UTPOKY 3 st m = 1, 2,
BBIUIPHIBAET y UIPOKa 3 mid m = 3,4,5 u y UrpokoB Hu4bda it m = 6,7. [losromy
Rs3 = 1, coorBercTrBenno Rss = 0.

B paGore [21] 6611 IpeI02KEH TEOPETUKO-UIPOBOI OJIX0/] PAHKUPOBAHNS UI'POKOB HA
OCHOBE TypHUPHOI MaTpuIlbl. [Ipu TakoM moaxoie XapaKTepucTuiaeckas (OyHKIUS MOXKET
ObITh onpezeaena cieayiomumM o6pazom. logoxkum v(N) = 1 u g koamumuu K C N
[IOJIy9HM, 9TO

v(K) =max min R;;.
€K jEN\K

3areM B KaueCcTBe PAHKUPOBAHUsI MOYKHO HCIIOJIB30BATH JIFOO0E PEIleHre KOOIePaTHBHOM
urpsr: 3aadenne [lemmu, N- wiu C-siapo.

MozkHO TakKe BOCIIOJIb30BAThCs ITpaBuioM Bopma. B coorBercTBun ¢ 9TuM npasuiom
HY?KHO CJIOKHUTDb B KaXKJI0i CTPOKe TyPHUPHOU MATPHIIBI BCE PAHTU U PAHKUPOBATH UI'PO-
KOB COIVIACHO 9TOMY CyMMapHOMY paHry. B wacrHocTy, i TypHUPHON MaTpuibl (3) 1w
pamru paBHBI cooTBeTcTBeHHO 1.5,1.5,4.5,6.5,8,6.5,4.5, 1.5, 1.5. Takum obpazom, jj1s1 rpa-
da, IpeJCcTaBIEHHOrO HA PUC. 2, MOOEIUTENIEM SIBJISIETCSI BEPIITUHA 5, MOCKOJIBKY UT'POK 5
BBIMUI'PBIBAET Y JIIOOOI0 U3 UI'POKOB (Tak Ha3biBaeMblil obemurens Kongopee).

SamMernM, YTO B KavecTBe 3HAYEHWII EHTPAJHHOCTH OBLIO PACCMOTDPEHO 3HAUYECHUE
Maiiepcona. st ero Beraucienus no dbopmysie (1) HyKHO HaliTH YUCIIO BCEX IPOCTHIX ILy-
Teil OIPEJIeJIEHHOM JIJINHBI, TPOXO/ISIINX Yepe3 JAHHYIO BEPINUHY. DTO HE TPOCTAs BBIUUC-
JITeNbHAs 33/a4a. Beluta npemioxkena moaudunkanys suadenns Maitepcona [14], koTopast
mpotiie i BeraucjeHuit. Vlaest 3Toro npejicraBiieHns 3aK/II09aeTCs B TOM, 9TO B KaXKJIOM
[IPOCTOM ITyTH BEPIIUHA , JIJIsi KOTOPOl BBIYUC/sIeTCs BeKTOp Maiiepcona, Berpedaercs
omuH pa3. Torua a,, (i) MOXKHO TPAKTOBATH KAK UUCJIO HOsABJIEHUIT BEPIIUHBL i BO BCEX IIPO-
CTBIX My TAX jiuHbl m. B [14] onuncana momudukanus nerTpassHocTn mo Maiiepcony, riae
[EHTPAJIBHOCTD k-TO MOPSIKA BEPINUHBI ¢ — 3TO YHUCJO IIOABJIEHUI BEPINUHBI ¢ B IIyTIX
JuHbL K, BKUIIoYas IUKIbl. BekTop o(k) — BekTOp nenrpasiabHocTeil Bepuun rpada G,
-51 KOMIIOHEHTa, KOTOPOI'O PaBHA

Sz(k)

0'1(/6) k—l—]_ g

rze s;(k) — cyMMapHOe YuCIIO [OSIBJICHUT BEPIIUHDI § B Iy TAX JUIMHBL k, BHIYUCJISIEMOE 110
dopmyite

o,

n n

Za<k>+z ahZa(’“ 1>+alz>za<k Dy 4a®

j=1 =1
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B srom BeIpaxkenun agf) — 3JIEMEHTBI MaTPUIIBI CMEXKHOCTH, BO3BEIEHHO B COOTBETCTBYO-
IIyto crenenb k. VIMEHHO 3TOT MeTo T 1 OyIeT UCIIOIb30BAThC sl DU PAHZKUPOBAHUHT TEKCTOB
B JIaHHOI paboTe.

CyrecrByomniue Mepbl MEHTPAJTLHOCTH UMEIOT KaK MMOJIOXKUTEJbHBIE, TAK M OTPUIA-
TesbHBIE cTOpOHBI. Hampumep, mepa betweenness centrality [4] yunThiBaeT TosbKO Kpat-
vaifinme myTH MeXKJy BEpIIMHAMU, B TO YK€ BpeMs KaK MH(MOPMAIMS MOXKET pacipocTpa-
HSIThCS IO IPOU3BOJIBHBIM Iy TsiM B ceTu. HanboJtee motystpHoit siBJisiercs mepa PageRank
[3], ocHOBaHHAsT HA NIPEJIETIBHOM PACIPEJIEJICHIN CJIydaifHOro OJIy»K/IaHus O BepPIIHHAM
rpadra. Ee Beraucienne TpebyeT HaX0XKIeHUs 00paTHON (DyHIaAMEHTAILHON MATPHUIIHI TH-
raHTCKOro pasmepa. OHAKO 9TO OJUH U3 CaMbIX OBICTPBIX MeTOI0B. Ho ero orenkn takke
BBI3BIBAIOT KPUTHUKY. TaK, IEHTPAILHOCTU BCEX BEPIINH rpada, n300parKeHHOT0 Ha puc. 3,
no meroxy PageRank ogunakosnl u pasubl 1/6. B 1o ke Bpems 3nadenue Maiiepcona mjist
BepmuH 1 U 3 pasIM4aloTCa W PaBHBI, B YaCTHOCTH, JJIst M = 2 COOTBETCTBEHHO (07 =
6/3 =2, 90% = 9/3 = 3. D10 Gojlee OTBEUALT HAIIEMY IIPEJICTABIEHUIO O EHTPAIBHOCTU

BepminH 1 u 3 B TakoMm rpade.

Puc. 3. CpaBHeHNEe BeJIMYUH IEHTPAJIBHOCTH BepuiuH rpada 1 u 3,
nosrydeHHbIX 110 MeTony Page Rank u 3mavenuro Maitepcona

4. Tlocrpoenme rpada Ha OCHOBE KOJLJIEKIIMM HOBOCTHBIX TEKCTOB. IIpo-
rpaMMHasi YaCTh peajin3oBaHa B cpene Jupyter Ha sizbike Python 3 u umcmosbzoBanuem
uuacrpymentoB NumPy, Scikit-learn, NLTL, a Tak:ke pasangabix O6ubjnorex st obpa-
OOTKHN U TIPEJICTABJIEHUS JAHHBIX. JIJIsT XpaHeHusl JAHHBIX TpUMeHsIHch 6a3bl SQLite u
PostgreSQL, a takxke dopmar GraphML jyist ipeicraBienust rpadoBbIX MOIEIEN.

JLJist IpaKTUIeCKOro 9KCIepuMenTa Oblia BeiOpana Kosutekims u3 500 crareil HOBOCT-
noro nopraJia «Ilerposasojck ['osopurs. st Kazk 10l HOBOCTH ObLIM COOPAHBI TAPAMETPEI
node_id — umenTHdUKATOP HOBOCTH HA caiiTe, title — 3aro/I0BOK HOBOCTH, body — TeKCT
HOBOCTH.

[Toyuenune JaHHBIX ¢ caiiTa OBLIO PEAJM30BAHO IPH IIOMOIU KPaBJepa, BHIIOTHIB-
IIET0 TIOCJIe0BATEIBHBIN TPOXOJ] IO CTPAHUIAM, 0a3UpPysiCh Ha MHKpeMeHTaruu node_id,
KOTOpasl B CJIydae OTCYTCTBHS CTAThU C TAKUM HICHTU(PUKATOPOM UTIHOpHUpOBasiachk. Bee
CTAThU 3AIUCHIBAJINCH B UCXOJHOM BHJIE B 6a3y JAHHBIX JIs TOCJIELyIomeil 00paboTKu.

TexcThbl HOBOCTEH TPOIILIN TIPEIBAPUTEIHHYI0 0OPAOOTKY B HECKOJIHLKO TAIOB:

1) ymasienue HOBOCTEl, KOTOpBIE CBS3BIBAIOT 110 MCKYCCTBEHHBIM XapPaKTEPHUCTUKAM.
9T0 Takne HOBOCTH, Kak «Tom-5» u «O630p Hemenns, KOTOPhIE CO3IaBaJIl HepeJIeBAHTHBIE
CB$I3U, TaK KaK OCHOBBIBAJIUCH HA, TOIYJISIDHOCTU WJIM TONAIAHINN BO BPEMEHHOM OTPE30K,
a He Ha COJEPXKAHUN;

2) TexHUYECKas OYMCTKA TEKCTa, T. €. yJaJjeHHe CHMBOJIOB, KOTODble HE OTHOCHATCH
K PYCCKOMY aJi(haBUTY, CKJIEMBAHUE JIBOMHBIX ITPOOEJIOB B OJIMH, yJAJICHUE TaOy/IAnuil u
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MIEPEHOCOB, IPUBEICHUE BCEX CHMBOJIOB K CTPOYHBIM. JIaHHDINH 3Tam HeOOXOaUM /I YIIPO-
IIEHUST MOJIEJIN, TAK KaK yJaJjseMble apaMeTpPbl He MMEIOT BJIUSHUS Ha, CEMAHTUIECKUE
CBSI3W;

3) dopMupoBaHre MHOXKECTBA CJIOB KOJUJIEKIIUH JOKYMEHTOB ObLIO [IPOM3BEJIEHO IPU
TIOMOIITA TTaKeTa ruts ¢ JOMOJHUTETHHOM OIuel yaaaeHus CJIOB, KOTOPbIE SIBJISIIOTCS MEK-
JIOMETHSIMM, COI03aMU U IIPOYNMH HECOAEPKATEIbHBIMY JIJIs AHAJIN38 KOHCTPYKIUSIMU. 3a-
TeMm 1pu mmomotny maketa NLTK 6ol BuIIeIeHbI JTEKCEMBI.

Mermoxk cyioB moctpoet ¢ momorbio TF-IDF rokenaiizepa u3 nakera sklearn. B nammom
makere Mepa IDF Beraucisiercs mo ciemyromeit opmyiie:

1+M
n——
1+dfy’

rae M — 9uciio JOKyMeHTOB B 00pabaTbiBaeMOM KOpILyce; df,, — KOJUYIECTBO JOKYMEHTOB,
COJIEPIKAIIIX CJI0BO w. [10JIyYeHHBI BEKTOP — MEIIOK CJI0B — HOPMAJIU3YETCs IPU ITOMOIITH
€BKJIMJ0BOI HOPMBIL.

Jljis coOKpalleHus pasMepHOCTH BEKTOPOB b(d;) M3 IOJIyYeHHOIO MHOMKECTBA JIEKCEM
L 6pim ypanenst jgexceMbl i, juig xoTopeix by, < 0.09. 9ro sHadenne ObL1o BHIOPaHO
SMITMPUYIECKHU, Ha OCHOBE BU3YAJIBHOI'O aHAJIN3a 3HAUMMOCTH YJIAJISIEMbBIX 3JIEMEHTOB.

3arTeMm IIpu TOMOIIU BBIYHUCICHUST KOCHHYCHOM Mephl n3 O0ubJjimorekn scipy ObLIa 1mo-
crpoena Marpuna cxojcra C, Koropas OblIa mpeobpazoBaHa B MaTPHUILy CMexKHOCTH [
C TOPOrOBBIM 3HavYeHueM ¢y, = (.72, TakKe ONpEeNeI€EHHBIM SMIUPUIECKH C MTOMOIIBIO
aHaJm3a BblLIeaseMbix rpymmn. Ha puc. 4 npejcrasiieH rpad, IOCTPOEHHBII Ha OCHOBE II0-
JIY9eHHOU MaTpuIlsl [.

B pesyabrare 6b11H BHIOPAHBI JE€BATH MOATPadOB, COAEPKAIINX OOJIee MATH BEPIITHH.
JlanbHeiinmii aHa M3 BBISIBUJI, YTO TEKCTHI, 00pa30BaBIIie TakKue MOArpadbl, TECHO CBs-
3aHbl ceManTudecku: (G1 — rpad, cojeprKammii JOKYMEHTBI O IPOrHo3e norojnl, Ga —
woBocTu O posbicke MB/I, G3 — mopoxkHO-TpaHcmopTHbIe npoucmiecteus, G4 — rpad,
00pa30BaHHBIN JOKYMEHTAME, COAEPXKAIIUMYA HOBOCTHA O OBIBIIIEM BHUIE-TIPEMbEPE ITPABU-
tesberBa Pecniybsmmku Kapenust, G5 — Tearpasbubie HOBOCTH, Gg — aBTOMOOUIBHBIE TI0-
kapbl, G7 — JIOKYMEHTBI, OIIChIBAIONINe HOBOCTH Mapun [lerpo3asojicka, Gg — 6ro/KeT
Pecnybsiuku Kapesust, Gg — HOBOCTH 0 BOEHHOCJIyKaIuxX. Beibpanubie moarpadbl HLITO-
CTPUPYET PUC. 5, a-3.

5. PesynbTaTbl paH>KMPOBAHUS TEKCTOB. B JaHHOM pa3jejie MPUBEJEHBI pe-
3yJIbTATHI PAHKUPOBAHUsI TEKCTOB HOBOCTHOI'O IMOPTAJIA € MIOMOIIBI0 MOIUMUIITPOBAHHOTO
meroza Matiepcona, aigropurma PageRank u o npasuny Bopaa.

Pacemorpum rpad G1, npejcrasieHusiit Ha puc. 6. ljis ero BepIuH BBIYACIUM Be-
JINYMHBI [IEHTPAJBHOCTEN TIOpsiJiKa k, Ha UX OCHOBE IIPOBEJIEM PAaHXKUPOBAHUE 110 IIPABU-
gy Bopaa, a takxke paccumtaem 3Hadenumsi PageRank co crammaprabBIME mapameTpamu
(rabu. 2).

Il cpaBHEHUST Pe3y/IbTATOB 3HAYEHUsI [EHTPAJBHOCTH BEPIINUH, [TOJIyYeHHbIE C HO-
MOIIBI0 MOJuMUIIPOBaHHOrO MeTora Maitepcona npu k = 5, 4uCIOBblE BEJIMYUHBI, Xa-
pakTepu3yIolire BaXKHOCTh BEPINNH, OIIPe/IeJIEHHbIe ¢ oMoIbIo anropurma PageRank, u
paHI¥, MOCTPOEHHBIE HA OCHOBE TYPHUPHON MATPHUIILI 10 IPaBWIy Bopia, HOPpMUPYIOTCH.
Kpusbie Ha puc. 7 I03BOJISIIOT BU3YJIBHO OIEHUTH PE3YJIbTATHI PAHXKUPOBAHUSI.

[Ipemioxkennsbrit rpaduk gaeT BO3MOXKHOCTH OJHO3HAYHO OIPEJIEUTH CXOXKECTh pe-
3yJIBTATOB, MOJIy9YeHHBIX TpeMsi MeTogamu. CTOUT OTMETHTD, YTO HAUOOJIBbINNE 3HAYECHUS
[TOJIyYEeHBI JIJIsI OJTHOM W TOW 2Ke BepIMHbI. TakuM 06pa3oM, paHKMPOBAHUE TEKCTOB C 10~
MOIILI0 MOIU(MUIMPOBAHHOTO MeTosa Maitepcorna mian 1o npauiay bopja MoxKer OBITH
MIPEJIJIOZKEHO B KaYeCcTBe ajibrepHaTuBhl ajropurMmy PageRank.

idfe =1
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Puc. 4. Ob6mmit rpad KOJIEKIUA HOBOCTHBIX TEKCTOB

Tabruya 2. PesynbraTbl paHKupoBauus BepiuuH rpada G

Bepummna | k=1 | k=2 | k=3 | k=4 k=25 PageRank | Ilpasusio Bopua
1 5 36 265 2036 15 698 0.035 13
2 12 110 928 7632 62 023 0.074 23
3 2 6 27 159 1029 0.013 1
4 13 118 1000 8321 67 952 0.08 25
5 4 20 131 907 6614 0.031 7
6 4 22 145 1009 7337 0.027 9
7 12 110 947 7909 64 931 0.075 24
8 3 13 75 483 3365 0.020 6
9 5 47 363 2977 23 804 0.035 18
10 10 86 711 5767 46 446 0.063 21
11 5 36 262 1992 15 267 0.032 12
12 2 12 69 494 3477 0.018 5
13 4 36 269 2167 17 010 0.030 14
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Oxoruanue mabauyvs 2

Bepmmna | k=1 | k=2 | k=3 | k=4 k =5 | PageRank | IIpaBuno Bopma
14 5 33 231 1703 12 842 0.034 10
15 6 47 362 2861 22 533 0.040 17
16 1 1 4 20 122 0.017 0
17 7 55 434 3449 27 315 0.044 19
18 1 9 53 387 2727 0.012 4
19 9 75 600 4804 | 38 306 0.069 20
20 2 5 28 166 1156 0.027 2
21 1 6 40 265 1883 0.013 3
22 12 104 869 7134 | 57 800 0.076 22
23 5 36 257 1976 15 104 0.040 11
24 6 38 289 2172 16 703 0.038 15
25 5 45 339 2760 21 808 0.034 16
26 3 21 144 1051 7889 0.024 8

Puc. 5. Boibpannabie oarpadsbl, cogepxkalinye 6ojee ST BEPIITH
a—Ga,6—G3,8— Gy,2— G5,0— Gg, e — Gy, oc — Gg, 3— Gy
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Puc. 6. I'pad G1

0.3
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Hopmanu3oBaHHoOe 3Ha4YeHne
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Homep BepLUnHbI

Puc. 7. 3HadeHns NEeHTPATLHOCTH BEPIIUH, TI0JIy9eHHbIE C ITOMOMIBIO
momudunmpoBarnoro merogna Maitepcona nipm k = 5 (1), anropurma PageRank (2)
¥ Ha OCHOBE TyPHHPHOI MaTpHUIBI 1Mo npaBuity bopaa (3)
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CpaBHeHre 3HAYEHUI HA OCTAJBHBIX rpadax Mo uroraM paboThl ¢ KOJUIEKIneil HO-
BOCTHBIX TEKCTOB JIA€T AHAJOTUIHYIO KapTHHY. Pe3ysibTaThl Ipe/icTaBIeHbl Ha, pUC. 8, a—3.
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Puc. 8. Cpasuenne merona Maitepcona (1), anropurma PageRank (2) u npasmia Bopua (35)
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6. 3akJirouenue. B pabore mpoaeMOHCTPUPOBAHO, 9TO B 33/1a9aX PAHKIPOBAHUS
TEKCTOB IIPUMEHUM TEOPETUKO-UTPOBOil mo1xo 1. Onucan mporecc paboThl ¢ KOPILYCOM TeK-
CTOB HOBOCTHOT'O IIOPTAaJIa, ITOCTPOEHA rpadoBas MOJEIb JTaHHOIO Kopiyca. B KadecTBe
METOJIOB PAHKMPOBAHUS IIPEJJIaraioTcs MoaudunupoBanubiii meros Maitepcona B Koore-
PaATHBHOIT UT'Pe, ONMUPAIONINICS Ha IUCJIO Ty Tel B rpade GUKCUPOBAHHOI JITHHBI, BKIIOTAST
[UKJIBI, 8 TaKKe MpaBusio bopia Ha ocHoBe TYpHUPHON MAaTpHUIlbl. CXOXKECTh Pe3yJIbTaTOB
PAHKUPOBAHUS MO3BOJISET MPUNATH K BBIBOLY O BO3MOYKHOCTH IIPUMEHEHUS] MOIUMUITAPO-
BanHOro Meroga Maitepcona m npaswia Bopja g anannsa Kopiyca TEKCTOB HapaBHE
C TIOBCEMECTHO pacIpocTpaHeHHBIM ajropurMoM PageRank.
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Cooperative game theory methods for text ranking

V. V. Mazalov'?, V. A. Khitraya®?, A. V. Khitryi*

1 Federal Research Center “Karelian Research Center
of the Russian Academy of Sciences”, 11, Pushkinskaya ul., Petrozavodsk,
185910, Russian Federation

2 Petrozavodsk State University, 33, ul. Lenina, Petrozavodsk,
185910, Russian Federation

For citation: Mazalov V. V., Khitraya V. A., Khitryi A. V. Cooperative game theory methods
for text ranking. Vestnik of Saint Petersburg University. Applied Mathematics. Computer Science.
Control Processes, 2022, vol. 18, iss. 1, pp. 63-78.

https://doi.org/10.21638,/11701 /spbul0.2022.105 (In Russian)

A method of ranking the corpus of texts of a news portal, based on measures of graph cen-
trality, is proposed. Each text is assigned a vertex of a certain graph, and its structure is
determined based on the semantic connectivity of the texts. As a measure of centrality, the
Myerson value is used in a cooperative game on a graph, where the number of simple paths
in a subgraph of a certain length m is chosen as a characteristic function For different values
of m, the ranking based on the Myerson value will be different. For the final ranking, it is
proposed to use the ranking procedure based on the tournament matrix. The operation of
the ranking algorithm is illustrated by numerical examples related to a specific news porta.

Keywords: text corpus of news, graph, centrality measure, Myerson value, tournament ma-
trix, ranking procedure.
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