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AnnoTtanmsi. CtaThs IpeaCcTaBIsIeT co00H 0030p OCHOBHBIX aJITOPUTMOB, HCIIOJIb3YIOIIMXCS
B CHCTEMax peKoMeHauuii. PaccMoTpeHbl MeToIbl KOIIab0paTUBHOM (GUIBTPALIMH, METOIbI,
aHANM3UPYIOIIHE COAEPKUMOE OOBEKTOB M METOJBI, HCHOJb3yromue Oa3bl 3HaHMH. Bee
paccMaTpuBaeMble METOABI MMEIOT CBOM HEHNOCTaTKH. B craTke paccMOTPEHO, KaKMMH
crnoco0aMy MOXHO KOMOMHHPOBATH METOIbI IOCTPOSHHS PEKOMEHIALUH, YTOOBI H30aBUTHCS
OT 3THX HEJIOCTATKOB.

KnioueBble ciioBa: cucremMa peKoMeHAanuii, komradopatuBHas QuibTparys, 6a3sl 3HAHUH,
ruOpHIHAS CHCTEeMa PEeKOMEH Al

1. BeedeHue

OueHp 4acTo YeNoBEK BHIONPAET, KaKHe HOBbIE (PHIBMBI IOCMOTPETh, KAKYIO HOBYIO
MY3BIKY HOCIyIIaTh, KAKWE TOBAPHI KYIUTh B WHTEPHET-MarasuHe. JTO COBCEM He
NPOCTas 331aya, IIOTOMY YTO OH UMEET B PaclOpPsDKESHUH JIMIIb Ha3BaHUS, KPaTKUe
OIMCAHUs JOCTYIHBIX (PMIIBMOB WJIM TOBapoOB, U, MOXET OBITh, COBETHI APY3eH M
3HaKOMBIX. MMest CTonp Majoe KOJIWYECTBO HMH(POPMALK, OYEHb TPYIHO
OIIpEeNIeNINTh, MOHPABHUTCA JHM KOHKPETHBIH (MIBM, INECHS WM TOBap AAHHOMY
4eJnoBeKy. 3aJaya yCIOKHIETCS elle U TeM, YTO 0OBEKTOB, U3 KOTOPBIX IPUXOIUTCS
BBIOMpaTh, O4eHb MHOTro. [lo3TOMy B ceTn VHTepHET LIMPOKO pacripocTpaHEeHBI
CHCTEMbl PEKOMEHJIAllUi, MOMOralollke I0Jb30BAaTENI0 PElINTh 3a1ady BblIOOpa
neceH, GHUILMOB, TOBAPOB.

CucremMbl peKOMEHJAMH TO3BOJISIIOT IOJH30BATENI0 BHIOpAaTh Cpeau Bcex
JOCTYITHBIX OOBEKTOB UMEHHO T€, KOTOpble OyJyT eMy MHTEPECHBI. DTHU CHCTEMBI
00pabaThIBAIOT WH(POPMAIUIO O Pa3JIMYHBIX OOBEKTaX, a TaKKE O TOM, KaKue
I0JIb30BATENN Kakue OOBEKTHl KYyNWIM, IIOCMOTPENH, TMOCIylald W T.JI.
[Tpumepamu Takux cepBucoB sBisitoTes last.fm, hunch.com, youtube.com u npyrue.
Wmes 3Tn naHHBIE M QITOPUTMBI, KOTOPBIE OyAyT pacCMOTPEHBI B TaHHOW pabore,
MOKHO OBICTPO M Ka4eCTBEHHO OT(MIBTPOBATH CaMble MOIXOISIINE KOHKPETHOMY
MTOJTE30BATEIIO OOBEKTHL

Kpome TOro, ectb cucrembl, KOTOpBIE PEKOMEHIYIOT APYTMX I0JIb30BaTENeH,
HMEIOIIIX CXOXKHE MHTEPEChl, WM MMOTeHIHAIbHBIX 3HaKOMbIX. Kak mpaBmio, 3To
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conuanbheie cetn. Facebook (facebook.com), BKonrtakte (vk.com), last-fm
(last.fm).

B nanHoli paboTe OYyAyT pacCMOTPEHbI OCHOBHBIE MOJXOIbl U alrOPHTMBI,
HCIIOJIB3YEMBIC B pa3JIMYHbIX CUCTEMAX peKOMeH[laLlHﬁ. ByﬂyT BbISIBJICHBI CUJIBHBIC
U ci1a0ble CTOPOHBI KaXKJ0T0 ITOIX0/1a.

2. OCHOBHbIe NoHsIMUSA

[epen Tem, Kak paccMaTPHBATh aJITOPUTMBI, BBEIEM HEKOTOPBIC MOHSTHSL.

OOBeKT — 3TO TecHs, (QUWIbM, TOBap, IONB30BATENh (B CIlydae PEKOMECHIAIHH
npys3eit). T.e. To, 9TO MOTPEOIAIOT MOIH3OBATENN CUCTEMBI pEeKOMEHIAINN. JTO TO,
YTO UM HY>KHO PEKOMEHI0BATb.

[one3oBaTens — 93TO YENOBEK, 3apETHCTPUPOBAHHBIA B CHCTEME, OH MOXKET
MOKyTaTh, CIyNIaTh, CMOTPETh, OLCHHBAaTh OOBEKTHI M IIOJIB30BATHCS CEPBHUCOM
PEKOMEHIALHH.

Pexomenmauusi — 3TO OOBEKT WM HECKOJBKO OOBEKTOB, KOTOpBHIE CHCTEMa
PEKOMEHIAIIMHN BBIIAET MOJIB30BATEINIO.

OcHoBHasi 3a7aya CHUCTEMBl PEKOMEHAAIMM — HUMes JaHHble 00 OOBEeKTax W
MOJB30BATENSAX, IOJXYYUTh CIIMCOK OOBEKTOB, Haubolee WHTEPECHBIX IS
KOHKPETHOTO IT0JIb30BaTeNsl. B 3aBUCHMOCTH OT TOT0, KaKie JaHHBIC HCTIOIb3YHOTCS
IUIsL pacyeTa peKOMEeHIAIUH, CHCTEMBI JeJIATCS Ha TPU OOJIBINNX Kiacca:

e  Mertoas! KoJuTabOpaTUBHOU uIbTpar [ 1-4]

e Meropl, aHATM3UPYIOIIUE COAECPKUMOE OOBEKTOB

e  Meroapl, OCHOBaHHbIEC Ha 3HAHUAX
Mertonsl  KouTabopaTHBHONH — (MIBTpanMM  MPENIONAralT, YTO  HHTEPECHI
MOJIb30BaTENEH MPECTaBICHbl OIEHKAaMM, KOTOPHIE OHH JAal0T OOBEKTaM IIOociie
IpOCMOTpa, MOKYHNKH M T.1. OCHOBHas uzaes AAaHHBIX METOJOB 3aKIIOYAeTCs B
CPaBHEHUM MEXIy CO00Il MHTEPECOB pa3IMYHBIX IOJIb30BATENEH MM 00BEKTOB Ha
OCHOBE ATHX OICHOK. [Ipy 3TOM HHUKaKOW JOTOTHHUTEIHLHOW WH(POPMALIUN O CaMUX
MOJIB30BATENSIX U 00BEKTaX HE UCTIONb3YETCS.
Mertonsl BTOPOro KJjlacca, HAa0OOPOT, HCIONB3YIOT COJEPKHUMOE OOBEKTOB IS
MOTyYeHHUsT PEKOMEHJauuil. OTW MeTompl paboTaloT B TeX CHOydasX, Korja
COJICP’)KUMOE OOBEKTOB TPEJNICTABICHO B BUE TEKCTOB. OHM XOPOILO MOIXOMIAT JUIs
PCKOMEHAIINU KHMUT. Taxxe UX MOXXHO HCIIOJIb30BaTh AJId CPaBHCHUS Ha3BaHHl7[,
ONMCAHUH M JPYro TEKCTOBOM WH(OpMaLWH, NOCTYNHOH Yy (UIBMOB, IECEH,
TOBapoB U T.1. [5]
Meroapl, OCHOBaHHbIE Ha 3HAHUSX, TPEOYIOT OT IIOJIL30BATENSl ONUCATH CBOM
TpeOOBaHUS K HYXHBIM €My OObeKTaM. A 3aTeM HIIYT C HCIIOJIb30BAaHHEM CBOEH
6a3bl 3HaHUH OOBEKTHI, YJOBIETBOPSIOIINE [TOCTABICHHBIM TPEOOBAHUSIM.
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3. KonnabopamueHas ghunbmpauyus

Komnabopatuuas  ¢unbrpanus  (Collaborative filtering) — 310  MeTox
peKOMEHIAlNH, IPU KOTOPOM aHAIM3HUPYeTCs TONBKO peakiys Ioib30BaTeneil Ha
O6"I)€KTI)IZ OLICHKH, KOTOPBIC BBICTABJIAIOT I1OJIB30BATCIN 00BEeKTaM. OLIeHKI/I MOryT
OBITH Kak SIBHBIMHU (IT0JIb30BAaTENb SBHO YKa3bIBAaeT, Ha CKOJBKO «3BE3JI0YEK» OH
OLICHUBAET 0OBEKT), TAaK U HESIBHBIMU (HAIPHMEp, KOJIMYECTBO MPOCMOTPOB OJTHOTO
poiuka). UeMm Gouibliie OLIEHOK COOMpaeTcs, TeM TOYHEE MOIydaTcsi pEKOMEHAIHH.
[Momy4aercs, 9TO MONB30BATENH TOMOTAIOT APYT IpYyry B QHIBTpani OOBEKTOB.
[TosToMy Takoit MeTO]] Ha3hIBACTCS TAK)KE COBMECTHOM (prtbTpanueii.

3.1. OnucaHme anroputma

ITycth B cucTeMe ecTh MOJIB30BATENH B OOBEKTHL. [1yCTh HEKOTOPBIE MOIE30BATEIH
OLICHHWJIM HEKOTOpbIe 00beKThl. U MyCTh OLEHKA — 3TO HATypallbHOE 4UCIIO OT 1 J10
5. Torma Bce omeHKH MOKHO H300pa3uTh B BUAE MaTPHUIIB (CM. puc. 1).
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Puc. 1 Mampuya oyenox.

Ilycte mmeercss moib3oBarenb a. Hamra 3amaua — mpenckasaTh, KaKylO OILICHKY
mocTaBWI OBl IONB30BaTeNb «a OOBEKTY i. bymem paccMaTpuBaTh TOJBKO
MONTE30BATENSl @ W TEX IIOJB30BATElIC, KOTOPBIE ONCHWIN OOBEKT i. AJTOPUTM
BKJIIOUYaeT B cebs 3 mrara:
1. JIst KaXOoro MOJIB30BATENS U BEIYUCINM, HACKOJIBKO €r0 HHTEPECH
COBIIAJAIOT C MHTEPECAMH TOJIB30BATEIS d
2. Tlocme »Toro BBIOEPEM MHOXECTBO IIONB30BaTelNell, Hamboiee
OJIM3KHUX K d
3. IlpexackaxeMm OIEHKY Ha OCHOBE OILIEHOK 00BeKkTa i "cocemsamu" w3
MPEIBIAYIIETO Iara
IepBsbiii mar. KaxmaoMy noiap30BaTento B MaTpuIe R COOTBETCTBYET OJHA CTPOKA.
[TosTOoMy OyaeM BBIYUCISATH OJIU30CTh BEKTOPOB-CTPOK MOJIb30BATEINEH.
CymecTByeT MHOXECTBO CITOCOOOB MmojcUeTa OJM30CTH BEKTOpoB [6,7]. OmuH u3
CaMBIX MPOCTHIX — HOCYUTATh KOCHHYC MEXIY STUMH BEKTOPaMH:

403

m
Zizl Tai " Vi
m m
Zi:l Tai~ Zi:l Vi

3neck sim(u,a) — Mepa 6Ir30CTH (ITOXO0KECTH) TIONb30BaTeNel a U u. r,; — 3HAUCHHE
MaTpHIlbl R: u CTPOKa, i CTOJOCI. Sim(u,a) IPUHAMACT 3HA4YEeHUs u3 otpeska [0,1].
Ecnu nonp3oBarens He ykasasl OLEHKY Ul KaKOro-TO OOBEKTa, COOTBETCTBYIOIEE
3HaYeHHEe MaTpHLbl paBHo 0.

CymectByer Jnpyras Mepa ONM30CTH MeXAy BeKropamu — KoddduiueHt
koppemsiuuu [Iupcona:

ziej(ra,i _ra)(ru,i _ru)
N2 T\2
\/Ziel (ra,i - ra) : Ziel(ru’i - ’;1)

3nech | — MHOXECTBO OOBEKTOB, KOTOpHIE OLIEHWI KaK IOJb30BaTeNb d, TaK U

sim(u,a) =

(1

sim(u,a) =

2

ronb3oBaTens u. 9 m M - 310 CpelHHE OLEHKH II0JIb30BaTeNe a W u,
COOTBETCTBEHHO.

B umciuTene mojacUMTHIBaE€TCS IIPOM3BEJCHHE OTKJIOHEHWH OIEHOK JIBYX
M0JIb30BaTeNell OT CpeAHUX 3HAUYeHWH sl OAHOro oObeKTa. 3HaMeHaTelb
HEO0OXOAMM [UIS TOTO, YTOOBI JaHHAs BEIMYMHA MPUHUMATA 3HAYCHHUS W3 OTpe3Ka
[-1,1]. Uem cuibHEe COBIAAAIOT MHTEPECHL, TeM OJNIke 3HaueHwWe OMM30cTH K /.
Ecmm  kosd¢umnment koppemsimun  [lupcona oTpumareneH, TO HHTEPECH
MOJI30BAaTENEH TIPOTUBOTIONIOXKHEIE.

(1) m (2) — camble pactpocTpaHEHHBIE MEpPHI OJIM30CTH, HCIIONB3yEeMbIC B JAHHOM
anroputme. Koaddunuent xoppesnsiuun [Tupcona (2) Oyaer octaBaThCs BHICOKHM,
€CJIH BCE OICHKH CPaBHUBAEMBIX IIOJIB30BaTeNIell OTIMYAIOTCS HA MOCTOSHHYIO
BeJIMUMHY (O/IMH TOJIb30BaTENb OLIGHUBAET 0O0Jiee CTPOro, IPYyroi — CTaBUT Ooiee
BbIcokue orieHkn). Kocunyc (1) B 3Tom ciaydae BeIgacT MeHblee 3HadeHue. Ho,
€CIIM OLICHKHU JIBYX I10JIb30BaTENIel OTINYAIOTCS MPONOPLUHOHAIBHO, TO KocuHyc (1)
oOyner Oonbmie, koppemsuus (2) — MeHbiie. B 00oMx ciydasx OIICHKH
roJb3oBareneit moxoxu. [103ToMy, Kakylo U3 3THX METPHUK UCIIOIb30BaTh — 3aBUCHUT
OT KOHKPETHOMH 3a71a4H.

CymecTBytoT © Japyrue wmepbl Ommzoctu [6,7]. B nmanHo#t pabore oHH
paccmarpuBaThes He OyIyT.

Bropoii mar. Tenepp Hy)HO BbIOpaTh MHOXECTBO K Hamboliee MOXOXKHX Ha d
noJib3oBareneil. MoxHO BBIOpaTh Beex mosib3oBareneil. Ho Tak kak mojib3oBaresei
C HETOXOXXMMH WJIN HECWIBHO IIepPEeCeKaroNIMMHUCS MHTEpecaMH JOBOJBHO MHOTO,
TO OHM OYAyT OTPHLATEIbHO BIUATH Ha TOYHOCTH IPEICKA3aHMs OLEHKH IS
o0bekTa i. Kpome TOro, KOJIM4YeCTBO MOIb30BATENEH BIMSET HA 00BEM BBIUMCICHUH
Ha TPETHEM IIIare.

404



OxHO U3 BO3MOXKHBIX PEIIEHUH — YCTAHOBHUTH IIOPOT MEPHI OJIN30CTH, BEIYHCICHHON
Ha riepBoM 1mare: (1), (2). [Tons30Batesnu ¢ Mepoii OJIU30CTH, MPEBHIIIAIOIICH TOPOT,
BoWiayT Bo MHOXecTBO K. OcranbHble — HeT. Ho wamie Bcero BblOMpaercs nesnast
KOHCTaHTa k. 3areM Bce IIOJB30BATEIN COPTHPYIOTCS IO YOBIBAHUIO MEpHI
omusoctu. 1 Bo MHOKeCcTBO K BXOIAT k mMONIb30BaTeeii, Hanoojee OJIM3KHX K d.
Tpernii mar. Vmes mMHOoxecTBO K OJIM3KMX IMOJb30BaTeIeld HYXKHO BBIYHMCIUTDH
OIICHKY, KOTOPYIO TIOCTaBWJ OBbI IOJB30BaTelh @ OOBEKTy i. HamomHHMM, YTO
paccMaTpHUBAIOTCS TOJBKO T€ TIOJIH30BATENN, KOTOPBIC OLCHIIN OOBEKT i.

Hy>xHast orieHKa BBIUKCIISIETCS 1Mo (hopmyiie:

p _l"_-l- zueK(r;l,i _’”u)xSim(a,u)
a,i a ZuEK| Sim(a,u) |

Pqi — OTO IpCACKa3bIBacMas OLICHKA IMOJIb30BATCIId a JIsL o0bekTa i. 3a OCHOBY

3)

OepeTcs ero CpeiHss OICHKA r“, a 3aTeM IpuOaBIsAETCS CpeaHEEe OTKIOHCHUE
OLICHKH IPYTUX MONB30BaTeNed M3 MHOXecTBa K IUIsi 00BeKTa i OT MX CpeaHe
orleHKH. YeM OnrKe TOIh30BaTENb U K MOJIB30BATENIO @ (COTIACHO Mepe ONHM30CTH
sim(a,u), BBIMUCIICHHOW Ha MEPBOM IIlare), TeEM CHUJIbHEE €ro BKJIAA B MpeAcKa3zaHue
OIICHKH.

Takum 00pa3oMm, ONHMCAHHBIA AITOPUTM MPEICKA3bIBACT OLEHKH IS OOBEKTOB,
KOTOpBIE TEKYyIIMH MOJbh30BaTeNb eme He oneHwd. /is Toro 4robel chenaTh
PEKOMEHIAINIO JUTS JAHHOTO TMOJIb30BaTENs, TOCTATOYHO MPEACKA3aTh OMEHKH ISt
BCEX HEOIICHECHHBIX OOBEKTOB M BHIOPATh OOBEKTHI ¢ HAHOOJIBIICH MpPEACKa3aHHOMN
OIICHKOM.

3.2. AnbTepHaTUBHbIE afirOPUTMbI U yIy4lueHUsA

OmnwucaHHBIN BBIIE aJITOPUTM OCHOBAH Ha CPaBHEHHS MEXIy cO00il MoIb30BaTeNeH.
On HaswiBaercsi User-based Collaborative filtering. CymiectByeT Takxke Apyroi
HOAXOJ: BMECTO MoJjb3oBareneil cpaBHuBaTh 00bekThl (Item-based Collaborative
filtering). B aToM ciiy4yae anroputm noyTH Takoi ke, BKIOYaeT 3 mara:
1. JIyst KaKa0ro 00beKTa j BEIYUCIUM, HACKOJIBKO OH MOX0X Ha 00BEKT
i, U KOTOPOTO MpEICKa3bIBaETCs OLICHKA.
2. Bribepem MHOXKECTBO 00BEKTOB, HanboOIIEEe OIM3KHUX K I
3. IIpexnckaxeM OLEHKY Ha OCHOBE OLICHOK BHIOPAaHHBIX Ha BTOPOM
mare 00ObEKTOB I10JIb30BATEIIEM d.
CpaBHeHne 00BEKTOB Ha MEPBOM IIare MPOUCXOAUT Takke Kak u B (1) u (2)

ZuEU (ru,i - ri) : (ru,j - rj)
N2 T\2
\/zueU (r””’ h r’) ) ZueU (r”aj o r/)

sim(i, j) =

“
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3,[[605 CYMMHUPOBAHHE BEIACTCA II0 MHOXKECTBY U HOJ'IB3OBaTeJ'IeI>1, OLCHUBIINX

OOBEKTHI [ U j. i CpeIHsIsl OIICHKA O0BEKTA .

Bropoii mar aHaJlornyeH BTOpPOMY IlIary aJrOpuTMa, OCHOBAaHHOI'O Ha CPaBHEHUM
monb3oBareiet. OCHOBHOE OTIMYHME B TOM, YTO K — MHOXKECTBO ONM3KHX K i
00vekmos. Ha TpeTbeM IlIare CUMTaeTCs B3BCIICHHAS CPEIHSSA OLCHKA MOXO0XKHX
00BEKTOB, IMOTyYCHHAS MTOJB30BATEICM (:

ZjeK v, % sim(i, j)
pa,i = . .
> lsimGi.))|

B anropurMe, OCHOBaHHOM Ha CpaBHEHHWH OOBEKTOB, HCIIOJIB30BAIACh OoJee
cinoxHas Qopmymna (3). DTo CBS3aHO C TEM, YTO CpEmHSAS OICHKa OOBEKTa
MMOKAa3bIBAET, HACKOIBKO XOPOIINM SIBISETCS OOBEKT, a CpemHss OIleHKa
TTOJTE30BATENl TIOKA3hIBACT, HACKOIBKO CTPOTO ITOJIB30BATENh OLICHMBAECT OOBEKTHI.
®opmyna (3) BEIYUCISET OLEHKY C Y4€TOM TOTO, YTO CTPOTOCTH OIEHKH Pa3HBIX
MOJIB30BAaTeNEeH, BOOOIIIEe TOBOPS, Pa3IndHA.

ANTOpUTM, OCHOBAaHHBIH HA CPAaBHEHUH O0OBHEKTOB, HIMEET HECKOJIBKO TTPEHMYIIIECTB.
Tak kKak MHTEpECHl MOJB30BATENECH YacTO MEHSIOTCSA, a CPEeaHsS OIeHKa OOBEeKTa
ocTaeTcs MOCTOSHHOM, TO TIPH CpaBHEHHH OOBEKTOB JIOCTATOYHO MOCUYHUTATH MEpy
OIM30CTH KaXKAOTO ¢ KaXKABIM M COXPAaHHUTh B MaMATH. B gacToM 0OHOBIEHHH 3THX
JaHHbIX HET HeO6XOZ[l/IMOCTl/I. le/l‘{eM 9THU MEPbI 6J'II/ISOCTI/I MOXKHO IIOCHUTATh B
odduaiine, T.e. KOr/ia B CHCTEME HET aKTUBHBIX MTOJIb30BATEIICH.

B coBpemeHHbIX cucTeMax pEKOMEH Iallui MMOCTOSTHHO PAacTET YMCIIO MOJIb30BaTeNeh
u OOBEKTOB, IOITOMY HACTyNaeT MOMEHT, KOrJja HeOoOXOIMMO HCIIOJIb30BaTh
pacnpesielieHHyI0 apXUTEKTYpy CHUCTeMbl. [Ipu 3TOM BO3HHMKaeT mpobieMa
XpaHCHUS OaHHBIX!: 6])1.]'10 6bl HEIUIOXO IIOXO0KMX II0JIb30BaTeNIEH WM IOXO0KHE
OOBEKTHl XpaHWUTh psioM. [l ee pemeHuss MOKHO INPHUMEHHTb aJTOPUTMBI
KJIacTepU3aluy sl 110JIb30BaTeNlel WM OOBEKTOB, HCIIONB3YsS Mepy OnmM30cTh
mexnay Humu: (1), (2), (4). Pa30oueHune monmp3oBateneii WM OOBEKTOB HA TPYIIITBI
JIaeT eIe OJTHO MPEMMYIIECTBO: TaK KaK B KJacTepe HaXOISITCS MOXOXKHE O0BEKTHI,
TO HYXXHBIH OOBEKT JOCTATOYHO HAa TMEPBOM IIare CPaBHUBATh C OOBEKTAMHU W3
CBOETO KJacTepa. DTO 3HAYUTEIHHO COKPAIIAeT KOJINIECTBO BEIYUCICHHM.
OmnmcaHHBIE BBIIIE METOABI KOJIAOOPAaTUBHON (IUTBTPAIIH HA3BIBAIOTCS METOIAMH,
OCHOBaHHBIMH Ha paboTe C MaMsATHIO, TaK KaKk HEOOXOIMMO XpaHHUTh MAaTpHILy R.
Ecte m nmpyras rpymnma anropuTMOB — METOJBI, OCHOBaHHBIE Ha Mopeisx. Vpes
3aKJIIOYAeTCs B TOM, YTO MMes MAaTpUIy R MOXHO IMOCTPOUTH MOAEIb, KOTOpas
Oyzet MeHbIIe I0 00beMy 3aHMMaeMOW MaMATH. Mcionb3ys morydeHHy0 MOJENb,
MOKHO 6y;[eT BBIYHCIIATE PCKOMEHIANU. HpI/IMepaMl/I TaKux Mo,uenei/i ABJISIFOTCS
BaitecoBckuit anroputM [2], Ipu KOTOPOM HCXOJHAasl 3ajada CBOAMUTCS K 3a/1ade
kiaccudukanuu; MapkoBckue mozenu [8], KOTOpble TO3BOJSIOT YYMTHIBATH HE
TOJIBKO ITOXOXECTh 0OBEKTOB, HO M MIX IEHHOCTH; a TaKXKe Apyrue Monenu [3].

®)
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4. AHanu3 codepxumoz20

KomnabopatuBHast puibTpanys UCrosb3yeT JaHHble 00paTHO CBS3M I10JIb30BATENS
(otieHku, oT13bIBBI). OHAKO, HE BCErga IOCTYIMHO HEOOXOAUMOE KOJHUYECTBO
oreHok. Kpome Toro, cymiectByer mpobiema "XOJOJHOro crapra': cUCTeMa He
3HAET, YTO PEKOMEHJ0BAaTh HOBOMY MOJIb30BATENI0 M KOMY PEKOMEHOBAaTh HOBBII
OOBEKT.

B ciyuasix, korna koyutabopatuBHas pUIbTpanys He AaeT pe3ysibrara, IPUXOJUTCS
HCIIoNIBb30BaTh MH(poOpMamuio 00 oObekrax. Hampumep, ObIT CHAT QuiabM —
IIPOJIOJDKEHNE Kakoro-To ¢uiabMa. OH nobasisercs B cucteMy. Bo3Hukaer Bonpoc,
KOMYy ero pexkomenpaoBarb. KosmmaGopatuBHass QuibTpanus OTBET HE JacT M3-3a
MPOOTIEMBI «XOJOJHOTO cTapTa». Ho ecTh CMBICT PeKOMEHIOBAaTh HOBHIM (PHIBEM
TeM, KTO TIOCMOTpEI MEPBYIO YacTh (PriIbMa.

4.1. NMpepncraBneHne gaHHbIX 06 06beKTax

Kaxngprii 00bekT B M000H crcTeMe peKOMEHIAMi WMeeT Ha3BaHWE, a TaKKe
IPYTYI0 TEKCTOBYH) HH(OPMAIUIO, KOTOPYI0 MOXKHO HCIONB30BaTh. B Tadm. 1
MIPEICTaBIICH TPHMEP IOCTYITHOW MH(GOpPMAIMK O KHUTaX Ha aHTIUICKOM SI3bIKE B
HWHTEPHET-Mara3suHe.

Ha3panue Kanp ABTOp Ilena | Kinouesnle ci10Ba
. . press and journalism,

The Night of Memoir David 29.90 | drug addiction, personal
the Gun Carr .

memoirs, New York
The Lace Fiction, Brunonia Amerlcan con.t emporary
Reader Mystery Barry 49.90 | fiction, detective,

historical

Suzanne . .
Into the Fire Romance, Brockma | 45.90 Amerlcap fiction, murder,
Suspense on neo-Nazism

Tao6n. 1 Hngopmayus o KHu2ax 6 uHmepHem-mazasune.

[Tonmp30BaTeny CUCTEMBI IMEIOT CBO Mpodmib. TaMm OHM yKa3bIBarOT HH(OOPMAIIHIO
0 cebe M CBOMX MHTEpecax: JIOOMMBIC KaHPBI, TIOOMMBIC aBTOPHI U T.A. MiMes 3Tu
JaHHbIE W WHQPOpPMAIHMI0O O KHUTAaX H3 TaOmWIel | MOXHO CHelnaTh BHIBOIFI,
WHTEpECHa JIM KOHKpPETHAas KHHUTa TII0Jb30BaTeno. Ho, B 3TOM ciydae Mmepa
TOX0KECTH HWHTEPECOB II0JIb30BATENsl M KHUATH MPUHUMAET JBa BO3MOXHBIX
3HAYCHUS: | — €CJIM )KaHP KHUTH €CTh B mpoduie mojp3oBaresis, 0 — B IPOTHBHOM
cirydae.

s Oosee TOYHBIX PEKOMEHAAIMI HWCHOIB3YeTCS JPYyro TMOOXOM: 3Has
WHQOPMAIIMI0 O KHHUIrax, KYyIUICHHBIX YEJIOBEKOM, €My MOXXHO II0COBETOBATh
moxokue KHHUTH. [I0XOXKecTb IBYX KHHT H3MEpSETCS C IMOMOIIBI0 CpaBHEHHS
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IaHHBIX W3 Tabn. 1. Hanpumep, ecnu keywords(B;) — MHOXECTBO KITIOUEBBIX CIIOB
KHUTH B;, TO CPaBHHUTb €€ C KHUTOH B; MOXKHO CIIEIyIOIIUM 00pa3oM:

| keywords(B;) (1 keywords(B;) |
| keywords(B,) | + | keywords(B,) |

dice(B,,B;) = (6)

®dopmyna (6) HaseiBaeTcs ko3dduimentom [laiica. OH mpUHUMAET 3HAYCHUS U3
otpeska [0,1]. OH MoKa3kIBaeT, HACKOJBKO OJIM3KH JIBA MHOXKECTBA.

Ho MHOXeCTBO KJIIOYEBBIX CJIOB MOYTH HUKOT/IA HE JIOCTYIHO siIBHO. X MOXHO
MOJYYHUTh, AHATU3UPYS HEMOCPEACTBEHHO cojepkaHue 00BeKTOB. EcTecTBeHHO,
YTO M3BJEKATh KIIOUEBbIE CJIOBA MOXXHO TOJIbKO M3 KHUI, CTaTed W JApYrux
TEKCTOBBIX O0BEKTOB. [[JIs BHIEIIEHUS KIIFOUCBBIX CJIOB UCIIOJIB3YIOTCS pa3IMYHBIC
aJIrOpUTMBI: ¢ ucnosib3oBanueM Bukunenuu [9], TF-IDF u np.

4.2. TF-IDF

ITycte uMmeercs HaOOp TEKCTOB (IMOKYMEHTOB). Bce TeKcThI pa3OUTHI Ha CIIOBA.
Koadpdumment TF-IDF moka3siBaeT, HACKOJIBKO CIOBO BaKHO B TeKcTe. OCHOBHAs
uaes B TOM, 9TO CIIOBO CUMTaeTcsl Oollee BaKHBIM, €CIIH OHO YacTO BCTPEYAETCsS B
OJTHOM TEKCTE€ M PEIKO B IPYTHX.

TF (term frequency) -- 3T0O HOpMaJIM30BaHHAsl YACTOTA CJIOBA B TEKCTE:

TF (x,D) = —"¢4(x:D)

maXyeD freQ(ya D) (7)

3neck fireq(x,D) — KOMMYIECTBO CIIOB X B IOKyMeHTe D. TF mpuHUMaeT 3HAYCHUS U3
otpeska [0,1].
IDF (inverse document frequency) — oOparTHast 4acToTa JJOKYMEHTOB.

IDF(x) = — @
n(x)
3necb N — KOJIMYECTBO JOKYMEHTOB B Habope, 7(X) — KOJMYECTBO JOKYMEHTOB, B
KOTOPBIX BCTPEYAETCS CIIOBO X.
Koaddunuenr TF-IDF Beruucisercs kak npoussenacuue TF Ha [DF.
Jnst cpaBHeHHMsS JBYX TEKCTOB, UX MOJXXHO IIPEJCTaBUTh B BHAE BEKTOPOB B
€BKJIMZIOBOM MHOTOMEPHOM TNpOCTpaHcTBe. KakJJoMy HM3MEpPEHHIO COOTBETCTBYET
CJIOBO, a 3HaU€HHE KaXA0l KOMIOHEHT BeKTopa paBHO TF-IDF. A 3ateM noCUUTaTh
KOCHHYC MEXIy STHMH BEKTOpPaMH.
Jnst  yMeHbLIGHUsS] BBIYMCIMTEIBHBIX 3aTpar, 3aTpar MamsaTH W LiymMa B
BBIYMCIICHHSX UCIIOJIB3YIOTCS pa3lINuHble SBPUCTUKH:
1. Cron-caoBa. Takue ciioBa, Kak NMPEATIOrH, apTUKIN, MEXIOMETHS
BCTPEUAIOTCS. B TEKCTax OYEHb YacTo, XOTsI HE HECYT HHUKaKoH
nosie3Hoi uHpopmarmu. [loaToMy 3TH CiIOBa 3aHOCHUTCS B CIIHCOK
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CTOI-CJIOB M HE pacCMaTpHUBAIOTCA INPHU IOCTPOCHHUH BEKTOPHOM
MOJIEJH.

2. CremMmuHr. M3BecTHO, 4YTO OJJHO U TO K€ CJIOBO MOXET NPUHUMATh
MHOXXeCTBO (opM (pa3Hble MajieKd, BpeMeHa U T.n.). IloaTomy
CYWIECTBYIOT aJrOPUTMBI, MO3BOJSIOIIME MPEBECTU CIOBO K
HOpMaJbHOH (opme, 4TOOBI OTOXKIECTBISTH CIIOBA

3. YMeHblIeHHEe KOJHYECTBA KOMIOHEHT BeKTOpa. PazmmuHbIx
CIIOB B JOKyMEHTE OdYeHb MHOro. HO MOXXHO YMEHBIIUTH WX
KOJIMYECTBO, OCTABUB TOJIEKO ¢ HaHOOIbIINM BecoM TF-IDF.

Bonee mogpoOHO MeTOABI CpaBHEHHUS TEKCTOB paccMOTpeHs B [10].

5. MemoObI, OCHOBaHHbI€ Ha 3HaHUSIX

Metonpl KoTabopaTHBHOM (UIBTpalliii M aHalN3a COICPKHMOTO XOpOIIO
paboTaroT, KOTr/a dYeNIOBEK JOBOJIBHO YAaCTO TIIOKYMAaeT TOBApHl MM CIyIIaeT
My3bIKy. HO ecnmm 3TO mpOMCXOAWT peako (Hampumep, TpH TMOKYNKE IoMa,
aBTOMOOWIIS, KOMITBIOTEpPA), 3TH METOIBI HE IMOMOTYT, TIOTOMY YTO CHCTEMa HE
HMMeeT HY)KHOTO KOJTMYECTBa HH(POPMALKHU O TIOKYHaeMbIX IT0JIb30BaTeNIeM TOBapax.
Jliis pereHns Takoi 3a1a4M UCTIONIB3YIOTCSI METOIbI, OCHOBAaHHBIE HA 3HAHMAX [11].
OHu fensarTcs Ha ABE TPYIIIBL:

e lcnonb3oBaHuUE KECTKUX OTPAaHUYEHUH

e  BriOop 6a13KHX 00BEKTOB
Wnest 0601x METOIOB CIEAYIONIAS: ITOIb30BAaTENN (OPMYIHPYIOT CBOM TPEOOBAHUS
K TOBapy, CUCTEMa IIbITAETCS] HAUTU HY>KHBINM TOBap.
B nepBom ciydae MIIyTcs M PEKOMEHAYIOTCS TOJIBKO T€ OOBEKTHI, KOTOPBIE TOYHO
COOTBETCTBYIOT BCEM TpeOOBAaHMSAM IONB30BaTesl. Bo BTOpoM cirydae HIIyTCS
O0OBEKTHl C XapaKTepUCTHUKaMH, OJIM3KMMHU K TpeOOBaHUSIM (C HMCHOJIB30BaHUEM
HEKOTOPBIX Mep OJIM30CTH).

5.1. 3HaHMA 06 06BLEeKTax M 3anpochbl Nonb3oBaTenen

WNudopmanns 06 00bekTe OOBIYHO TNpPEICTABISETCS B BUIE HaOOpa HapaMeTpoB.
Hanpumep, 11s horokamepsl 3T0 pa3mMep AuCIUIes], 3yM, KOJIMUECTBO MeranuKceeit
u 1.71. [TycTs B Mara3une UMEIOTCs ClIeAyIoIue porokamepsl (CM. Tad. 2).
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HOMep |meHa | Mera- OIIT. pasMep |BHIeO [3BYK |BOJOCTOHKOCTH
MUKCEJIN | 3yM JKpaHa
1 148 8.0 4x 2.5 HET HET na
2 182 8.0 5x 2.7 Ja Ja HET
3 189 8.0 10x 2.5 Ja a HET
4 196 10.0 12x 2.7 Ia HET na
5 151 7.1 3x 3.0 Ja Ja HET
6 199 9.0 3x 3.0 Ja Ja HET
7 259 10.0 3x 3.0 Ja Ja HET
8 279 9.1 10x 3.0 Ja Ja na

Taobn. 2 Domokamepul 8 unmepHem-mazasume.

3ajaya cUCTEMbI — BBHIOpATh KaMepbl, yJIOBJIETBOPSIOLINE 3apocaM I0JIb30BaTEs.
Ho He Bceraa 3Ty 3anpochl BRIPAXAIOTCS B BUJIE MHOXECTBA 3HAUECHHUH ITapaMeTpoB,
Hampumep, "kamepa wUeHoH He Oomee $200, He MeHee 8 Merammkceneu, ¢
MOJIEPXKKOH Buzaeo". JlocTaToOuyHO YacTo IOJIb30BaTENs HHTEPECYIOT HEKOTOpBIE
(yHKIIMOHATIBHBIE 0COOEHHOCTH. Torza ero 3arnpocs! IPUHUMAIOT B "KaMmepa s
CIIOPTHBHOM cheMKH", I "Kamepa i nedatu Oonpmmx dotorpaduii”. [losTomy
BBIJICIISIFOTCS JIBA TUITA CBOIMCTB: CBOMCTBA TOBapa M IMOJIb30BATEIILCKHIE CBOICTRA.

B Hamem npumMepe ¢ kKamepaMu CBOMCTBaMH TOBapa SIBISIOTCS:

yena(0...1000), meecanuxcenu(3.0...12.0), onm-3ym(4x-12x), oucnaeii(2.5...3.0),
sudeo(oa,nem), 38yK(0a,nem), 6000CcmMoUKocmy(0a,em,).

ITonb3oBaTenbckue CBOMCTBA:

maxcumanvras_yena(0...1000), ucnonvzosanue(yugposoe,
nevamo_0016UUX_POMO, neuamv_MaieHbKux_gomo), pomozpagduu
(cnopmusHbie, netisadcu, nopmpemsl, MaKpoCbemKa).

T.e. B cBOEM 3ampoce 10JIb30BaTENb MOKET YKa3aTh MaKCUMAIIbHYIO LIEHY, KaKOro
pasmepa oH OymeT mevaraTh (oTorpadum, uro oH Oyner ¢ororpaduposath
(Teiizaxu, moPTPETHI).

ITomumo 3HaHuii O ToBapax (cM. Tabna. 2) B 0a3e 3HAHWUH MPHCYTCTBYIOT
orpanndenus. OrpaHn4eHUss MOTYT IPEJCTaBIIsATh COOOH pa3pelleHHbIe 3HAYCHHS
MIOJIb30BATEIECKUX CBOMCTB, HAIPUMep:

Ucnovb308anue=nevams_60avuux_gomo > maxcumanvras_yena>200, 1.e.
CHUCTEMA HE MO3BOJISIET MOJI30BATENI0 YKa3aTh MUHUMAaJIbHYIO 1IeHy MeHbIie 200,
€CIIM OH XOYeT neyaraTh 6oinbinue pororpaduu.

Jpyroii Bux orpaHuueHHi MO3BOJISIET NMPeoOpa3oBaTh CBOMCTBA IOJbH30BATENs B
CBOMCTBa OOBEKTOB!

ucnov3o8anue=neyamsv_6onvwux_gomo >  meeanuxceiu>5.0, T.e. ecid
NOJIb30BaTeNb Xouer Oouibiine (ororpaduu, TO HE CIEAYeT €My PEeKOMEHJOBaTh
KaMephbl, MEHBILIE YeM C 5 MErariKcesIsiMu.
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Wrak, 3amada cucTeMbl — BBIOpPaTh OOBEKTHI, YIOBIETBOPSAIOIIME 3arpocam
HIOJIB30BATEIsl, C TIOMOILBIO 3HaHUH 00 00bEKTaxX 1 OTPaHUYCHUSIX.

5.2. Acnonb3oBaHUue XeCTKUX OrpaHU4YeHumn

WUnes w™eroma mpocra: HaWTH 00BEKTHI B 0a3e JaHHBIX, IOJHOCTHIO
yZIOBIIETBOPSIIONIHE TpeOOBaHMAM Moib3oBarensi. Ho, monck o0bEKTOB HE SIBISETCS
OCHOBHOM mpoOiemoil. [maBHOW 3amadeil sBigeTCS TONy4YeHHE TpeOOBaHHUN
nonp3oBarens. HyXHO ompenenuts, Kak B3aUMOJEHCTBOBAaTH C IOJIH30BATENEM,
KaKne BOMPOCH U B KaKOHM IOCIIE0BATENLHOCTH 33JaBaTh, KAKHUE BOIIPOCHI MOXHO
HE 3aJaBaTh. TakuM 00pa3oM, OCHOBHAsI 3a71a4a — HOIYyYUTh CUCTEMY, YIOOHYIO JJIs
MI0JIb30BATES.

Jnst Toro 4TOOBI OTPaHMYMTH KOJIMYECTBO 337aBacMbIX ITOJIb30BATEII0 BOMPOCOB,
HCIIOJIB3YIOTCS 3HAUEHHS IIapaMeTpoB 10 ymMourdanuio. OHU JensaTes Ha 3 TPyIMIbL:

e Crarnyeckue ymonuyanus. [Ipumep: ucnonvzoganue =
neuams_60avuiux_gomo. Tak Kak OOJIBIIMHCTBO MOJIb30BATENEH
TpeOYIOT BO3MOXKHOCTH Tie4aT 6onbiinx Gpororpaduii, TO MOXKHO
YCTaHOBHTH TaKO€ 3HaUEHHE MapaMeTpa UCnoIb308aHue 110
YMOJTYaHHIO
e 3apucumbie ymoauanus. [Ipumep: ucnonvsosanue =
newamo_maneHokux_gomo = maxcumanvras_yena = 300. T.e.
€CJIM TI0JIB30BaTElh YKa3all, YTO OyIyT MeYaTaTbCss MaJICHBKHUE
(doTorpadum, TO €ro MOXKHO HE CIIPANIMBATH O MAKCUMAIBHOH IIEHE
W yKa3atb ee paBHOit 300
e [IpousBoanbie ymonuanus. Ecinu nepBeie ABa TUIIa yMOTYaHUN
OTIPENICIISIFOTCS 3apaHee, TO MPONU3BOIHBIC YMOTIAHHUS BEIYHCIISIFOTCS
C HCTIOJIb30BaHUEM JIOTOB B3aMMOAEHCTBHSI CHCTEMEI C
MOJIE30BATEISIMA
[Tonmp30BaTeny yka3pIBalOT HE BCce TpeOyeMble MapaMeTphl, a TOIBKO T€, KOTOPHIE
CUMTAIOT Hamboyiee CymecTBEeHHHIMU. Jlorm B3aWMOIEHCTBHSA MPEABIIYIINX
II0JIB30BATENEN C CUCTEMOM HCHOJB3YIOTCS TaKXKe AJIs IPENCKAa3bIBaHMS, KaKoOil
cliefylonMid napaMeTp OyJaer WHTepeceH nonb3oBarento. Tabi. 3 comepkut
uH(opMaLMIoO 0 TOM, B KaKOW IOCIIEI0BATEILHOCTH 0JIb30BATEIN YCTaHABIUBAIIH
aTpuOyTHI.
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Ne 1 aTpuéyT 2 aTpudyT 3 aTpulyT 4 aTpulyT
1 yeHa onmuveckuil Mez2anukcenu 8uU0eo
3ym
2 yena onmuyeckuil Mezanuxcenu 8U0€0
3ym
3 yena Mezanuxcenu onmuyeckutl pazmep
3yMm ducnies
4 Mezanuxcenu yena onmuyeckuti pazmep
3yMm oducniesi
5 Mezanuxcenu yena pasmep onmuyeckuil
oducnies 3yM

Taén. 3 IlocredosamenvbHocmes 0OMEeno8 noib308amenell Ha 6ONPOCHl CUCHEMDL.

[Tapamerpbl  mpencKasbIBAIOTCS € Y4€TOM HMX  romyisipHocTd.  IlepBblit
MpeACKa3bIBaEMbld NapaMeTp — caMmblii NOIMYJISIPHBIM NEpBBIA MapameTp Cpeau
MIPEIBILYIIUX MOoJIb30BaTeNel (B HameMm npumepe — yera). Ecim moms3oBatens
yKa3aJl B KaueCTBE IIEPBOTO MapaMeTpa yeHy, a B KaueCTBE BTOPOTO — ONMUYECKULL
3yM, TO WIIETCS CaMbIil TOMYJISIPHBIA TPETHUH aTpUOYT B CTPOKax ¢ HoMepamu 1 u 2
(cm. Tabm. 3).

Ecnu monp3oBaTens yKasaj CIMIIKOM JKECTKHE TPeOOBAaHMS, TO MOXET OKa3aThCs,
YTO UCKOMBIX OOBEKTOB HET B CHCTEME. B 3TOM cilydae cucrema mocie10BaTeIbHO
¥ aBTOMAaTHYECKH OCHa0IsAeT OrpaHWYEHHs I0JIb30BaTENs] Ha OOBEKTHL. MeToabl
BbIOOpPa MHHHUMAaJBHOTO MHOXKECTBA OCIa0JIIEMBIX IapaMeTpOB PAacCMOTPEHBI B
[10]. B nanHoii paboTe OHH paccMaTpUBaThCS HE OYIyT.

5.3. Bbi6op 6nn3kux o6 bLeKToB

B orinume oT METONOB, HCIOJIB3YIONINX JKECTKUE OTPaHUUYCHUS, METO/ABI JaHHOTO
KJIacca PeKOMEHAYIOT 0OBEKTHI, HanboJee Or3Kie K TpeOOBaHUAM OIH30BATEIICH.
B sTOoM cnydae BO3MOXXHAa pEeKOMEHIAUUs OOBEKTOB, KOTOPHIE HE IOJHOCTBIO
YIOBJICTBOPSIIOT TPEOOBAHUSM.

Mepa 6mu30CTH MEXTy TPeOOBaHUSMH U CBOMCTBAMH BEIYUCISIETCS IO (hopMyJIe:
w,. -sim(p,r
ZreREQ r (p,7)

)
ZreREQ W,

3neck p — 00bekT, REQ — MHOXKECTBO TpeOOBaHMI MOJIb30BaTeNs. » — TpeOOBaHHE.
w; — BeC TaHHOTO TpeOOBaHus, sim(p,r) — Mepa OJU30CTH 00BEKTA p K TPEOOBAHHIO
r.

similarity(p, REQ) =

YucneHHbIe CBOMCTBA IS ITOJIB30BATEISI ACISTCS Ha TPpH I'PYyNIIBL:
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e  «bompme - myqme» (o6o3Hagarorcs MIB). Harmpumep, uem Gosbiire
MeranukceNnel B Kamepe, TeM OHa CUYUTAETCS JTydllie
e  «MeHblIIe - ydriey» (obo3navarorcs LIB). Hanpumep, yem mena
HUXE, TeM JIy4Ile AJIs 0JIb30BaTes
e  «Ommxke - myume». Hampumep, 0Ib30BaTEI0 HYKESH MOHUTOP C
OTIPE/ICIICHHON JMAarOHAJBIO, OOJIBIIIE FITH MEHBIIIE — XYKeE.
[MosToMy ISt KaXKIOTO THUIIA Mepa OJIU30CTH OMPECIIACTCS CIEAYIOMIM 00pa3oM:
«bonbuie — myunen:

) 0.(p) = min(r)

sim(p, max(7) — min(r) 1o
«MeHblle — JTydre»:

sim(p,r) = E;;(Ig):zir(l?) (11)
«BIIKe — TydImey:

sim(p,r)=1- LAG (12)

max(7) — min(r)

3nmecwy sim(p,r) — Mepa Onu3ocTH 0O0BEKTa p K TPEOOBAHUIO r. min(r), max(r) —
MHHUMAaJIbHBIC H MaKCUMAaJIbHBIC 3HAYEHHUS CBOMCTBA, COOTBETCTBEHHO. 7 B (12) —
TOYHOE 3HaUCHHE TPEOOBAHMUS ITOJIB30BATENS. @,.(p) — 3HAUYCHHE COOTBETCTBYIOIIETO
CBOWCTBA y 00BEKTA p.

6. r'u6pudHbie MemoOhbI

Wrak, Bbllie OBUTM pPAacCMOTPEHbI 3 OCHOBHBIX BHJA CHCTEM PEKOMEHIAIHA.
Kaxaplif 13 HUX ©MEeT CBOM IUIIOCH 1 MUHYCHI [12]:

Meton | TLarochl Munychl

e mpobileMa «XOIIOIHOTO
crapta» (pu

®  JIOCTATOYHO UMETh J00aBJICHUH HOBBIX
TOJILKO JTAHHEIE O noJsib3oBarenei u
peUTHHrax 00BEKTOB)

o HY>KHO MHOT'O JaHHBIX O
Pa3HbIX IMOJIbB30BATEIIAX

Konnabopamuenasn
dunompayusn
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< e mpoliieMa «XOJOIHOTO
Y cTapTa» (TOJIBKO JUIS
o e  JJOCTATOYHO UMETH .
el HOBBIX IOJIb30BATEIIEH )
5 § TPO(GHITb TEKYIIETO e paboraro
T T
= [10JIB30BAaTeld U
< & MPEUMYIIECTBEHHO
= COJIeP)KUMOE OOBEKTOB
S TOJBKO C TEKCTOBBIMHU
JIAaHHBIMU
S
)E §
g3 e  He 00A3aTEIBLHO UMETH e  HEOoOXOINMOCTH
3 S MHOT'O JaHHBIX O HCIIOIb30BaHuUs 0a3bl
S = HOKYIIKax 3HAHUI
N 5]
Q9
Q

Taéan. 4. Ilonosicumenvuvie u ompuyamenvivie CHOPOHbL MEMOO08 PEKOMEHOAYULL.

Kpymusie cucremsl pexomennaiuii (CP), koTopble HCHONB3YIOT pa3lIuyHbIe JaHHbIE
00 00BeKTax, MOJIb30BATENSX, CBA3IX MEXIY HUMH, TIPEJICTABISIOT COOOW CIOXKHYIO
rubpuanyto cucremy. OHa siBiseTcs OOBEIMHEHHEM pa3IMYHBIX MHOAXOIOB M
ITOPUTMOB: KOJUIa0OpPaTUBHOM (UIBTpAlMM, aHaIM3a COJEPKUMOI0, aHain3a
COLIMAJIBHBIX CBSI3€H U CBs3EH MEXIY 0OBEKTaMHU, | T.1I.
Beigensiercst Tpu Tina ruOpuIHbIX cucteM [9]:

e  C MOHONMMUTHOW OpraHu3anuen

e C mapayjienbHO# opranuzanuen

e C xoHBelepHOH opraHu3amuen
Cxembl opranu3anuu ruopuansix CP npencTaBiieHbl Ha puUCyHKaxX (2-4):

Bxon a T'ubpunnas CP | Borxon )

Puc. 2. Monorumnas opeanuzayus cubpuonou CP.

e N )
Bxo g(

/

Puc. 3. llapannenvras opeanusayus cuopuonoi CP.
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Brrx

Puc. 4. Kougeiiepnas opeanusayus euopuonoi CP.

6.1. MoHONUTHaA opraHM3aums

B orimume ot mapamiensHOW W KOHBEWEPHOH OpraHW3aluil THOPUAHBIX CHCTEM,
CHUCTEMBI C MOHOJHTHOW OpTaHW3alMed IIPEICTaBISIIOT COOOH OIMH MOIYJb,
BKJTFOYAIOIINNA B ceOs pasiudHble METOJIbI 0OpPabOTKH WMEIONUXCS JaHHBIX (CM.
puc. 2).

BonpmmHCTBO THOPHOHBIX CHCTEM TaKOTO poJa Pealn3yloT KOJUTabOpaTHBHYIO
¢bunpTpanmnio, YCWICHHYI0 OCOOCHHOCTSAMHU conepumoro. Hampumep, ecnu
aITOPUTM KOJUTaOOpaTUBHOM unmpTpanun pEeKOMEeHayeT HEKOTOPOMY
MOJIB30BATENI0 HECKOJbKO KHHUT, TO CpeOd HHUX MOXHO BbIOpaTh HamOojee
HOJIXOJISILIIle C IIOMOIIIBKO CpaBHeHl/Iﬂ )KaHpOB OTHUX KHUT C HOHyJ’IHpHI)IMI/I )KaHpaMl/I
JAHHOTO IOJIb30BaTessl. T.e. eCliM MOJb30BaTelb MPEANOYUTaeT (PaHTacTUKY (UTO
JIETKO Y3HATh, IPOCMOTPEB KAHPBI BCEX OICHEHHBIX/TIPOYNTAHHBIX TOJIH30BATEIIEM
KHHAT WM €ro MpoQWib), TO CPeIy KHHUT ABYX JKAaHPOB: HCTOPHS W (haHTACTHKA,
cUCTeMa MPEAJIOKUT BTOPOI BapUaHT.

MHorue CUCTEMBI UCTIONB3YIOT TICEBIOOIICHKA 00BEKTOB IOJIB30BATEIISIMU:

Vu i CCJIN ITOJIB30BAaTCIIb U OLICHUII O6’BCKT i
vu,i = (13)
C HNHA4ye

u,i’
31ech Cy,; — IPEACKa3aHUE OLICHKN Ha OCHOBC aHAaJIn3a COACPKUMOTIO.
WHorna nons3oBaTeib 3anpamunuBacT pEKOMEHAAUN 061>eKTOB, YAOBJIETBOPAIOIINX
HEKOTOPBIM KPUTECPUIM. 31ech YK€ MOTYT MCIIOJIb30BaTbCA METOJbI, OCHOBAaHHBIC

Ha 3HaHUAX. HO, COYCTaHUC CHUCTEM, HCIOJb3YHOIUX 0a3pl 3HAHHH C
KOJ'IJ'Ia60paTI/IBHI>IMI/I MCTOJaMHU, IMOKa HE U3YUCHO U MPAKTUYCCKHN HE MCIIOJIb3YCTCA.

6.2. NapannenbHaa opraHusauums

Cxema THOPHIHOW CHUCTEMBlI C MapaUIeIbHON oOpraHu3alyedl NpeicTaBlieHa Ha
puc. 3. Mcxoanaple JaHHBIE MOCTYMAIOT HAa KaXXIBIH MOIYNb cucTeMsbl. Ilocie Toro,
KaK BCE IOJICUCTEMbI BBIIAIYT OTBET, HAUMHAET pab0OTaTh arperupyOUIHiA MOIYJIb.
EcThb Tpu OCHOBHBIX ITOJIXOJa BHIOpaTh MHOXXECTBO HAWOOJICE PEICBAHTHBIX
pexoMeHaanui.

IIepBblii moAXO0M — cMeLIaTh BCE PEKOMEHIALUMU BbIIaTh UX I10JIb30BATENIO:
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rec(u) = U rec, (u) (14)
k=1

rec(u) — pe3yyibTaT paboThI «arperaropay s MOJIb30BaTeIs U, reci(it) — pe3ybTaT
pa0oThI k-0ro MOyJIsi CHCTEMBI JIJIS TTOJIb30BATEIIS U.

Bropoii noaxon — st Kaxk10ro 00beKTa HOACYUTATh CYMMY PEHTHHIOB,
MTOJTyYSHHBIX apaJUIeTbHBIMI MOIYJIIMHU H BBIBECTH OOBEKTHI C HAUOOJIBIITHM
peUTUHTOM:

”(Uai)zzn:ﬂk'rk(usi) (15)

3meck r(u,i) — HyKHas IpeAcKa3aHHas OLeHKa 0OBEKTa I TOIB30BATEIEM U, Fi(U,i) —
OIICHKA, TTOTyYeHHAs k-M MOJTyJIeM, [, — BECOBBIE KO (OUIIMEHTHI.

W, HakoHeI, TpeTwii MOJX01 — BEIOPATh OJHY MOAXOISIIYIO CHCTEMY
PEKOMEHALINY, PEATM30BaHHYIO B OHOM U3 MOIYyJIEH AJIs KaKIOW KOHKPETHON
curyaiun. Hanpumep, eciiu Moy b Ko1abopaTUBHOM (GUIBTpALIMK HE JaeT OTBET
M3-32 HEXBATKU JaHHBIX (TIpobiieMa «XO0J0IHOTO CTapTay), CHCTeMa BhIOUpaeT
METOJI aHAJIN3a COACPIKUMOTO.

6.3. KoHBenepHas opraHusaums

CxeMa THOPHIHON CHCTEMBI C KOHBEHEpHOW OpraHu3aluel MmpelcTaBieHa Ha pucC.
4. 3amaya peKOMEHIAIMU JENUTCS Ha JTambl, KOTOPHIE BBIMOIHIIOTCS
MOCJeIOBaTeNbHO. Pe3ymbTar paboThl  OUYEPEHOr0 JTarma HUCIONb3YeTCs B
MOCIIEAYIOMIUX.

7. 3aknroyeHue

B nanHol paboTte ObUTH KPaTKO M3JI0KEHBI OCHOBHBIE aJITOPUTMBI, UCIIOJI3yEMbIE B
crcTeMax peKOMeHIalui. Pa3nuuHble METObl UCIIONB3YIOT Pa3InYHbIE JaHHBIE O
rmoJib3oBaTenssx M 00 oObexrTax. Kakapli mojaxojq MMeeT CBOM JOCTOMHCTBA M
HenocTtaTku. Hampumep, Merox KomutabopaTHBHOH (UIBTpAlMU PEKOMEHIYET
OOBEKTHI, HE UMesI HUKAKOrO NPECTaBICHHUS O TOM, YTO OHU COOOI IMPEACTaBIISIOT.
OpHako anropuT™M HE MO3BOJIET PEKOMEHIOBATh HOBEIE OOBEKTHL. [Ipobremy
PEKOMEHJIAIIMH HOBBIX OOBEKTOB PEIIAOT METOIBl aHaIM3a coiepxkumoro. Ho mis
X Xopomeid paboThl TpeOyrOTCS TEKCTOBbIe MAaHHble 00 oObekrax. Ecmu
UHGOPMALUK O IOJB30BATENAX, OOBEKTaX M OLEHKAaX HENOCTaTOYHO I 3TUX
AJITOPUTMOB, TPUMEHAIOTCA METOAbI, HCIOJb3YHOIUC 68.3])1 3HAHUH. HpI/I 5TOM
MHTEPAKTHBHO BBISBIISIOTCS TPEOOBAHUSI [10Ib30BATEIIS.

UYem OoJple DOCTYHNHO AAHHBIX, TEM OoJjiee TOYHYIO CHUCTEMY pPEKOMEHIAlUH
MOYHO pa3paboTaTh, UCIOJIb3Ys Pa3IMYHbIe THOPHIHBIE METO/IbI PEKOMEHJALIUH.
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Annotation. This paper is a survey of algorithms that are used in recommender systems. All
related methods may be divided into three large groups: collaborative filtering, content-based
and knowledge-based methods. These approaches are based on different source data that is
used for recommendations computing. Collaborative filtering is based on analyzing ratings
that user provide for items. The idea here is to recommend items that got high rating by the
users that are similar with the user, who receives recommendations from the system. Content-
based methods use available content of recommended items. Predominantly the content is
represented as texts from items' names, descriptions and so on. Methods that analyze media
content (images, videos, audio) are not considered in this paper. Knowledge-based methods
analyze user requests that include information about what items do they want. The most
popular methods are considered in this paper. Advantages and drawbacks of recommender
technics of each group of methods are described. Moreover, composite techniques that allow
drawbacks to be eliminated are considered in the paper. Composite technics assume that a lot
of information about items is available. Hence, they combine collaborative filtering, content-
and knowledge-based technics to provide more accurate recommendations for users.
Keywords: recommender system, collaborative filtering, knowledge bases, hybrid
recommender system
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