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MocTtaHoBka 3aga4m v npunoxkeHuns MoctaHoska 3apa4n
KoppensauynoHHsie mogenn
JlaTeHTHble cemaHTU4eckme mogenu

OnpepeneHns n ob6o3HauYeHus

U — mHoxecTBo knmenToB (users/nonbsoBaTeneii/cybbekTos);
| — mHoXecTBO 0bbekTOB (items/npeametos/ToBapos/pecypcos);

Tunbl ucxogHbLIX JaHHbIX:

o D= (ut,ir,yt)]_; € U x | X Y — TpaH3aKLNOHHbIE AaHHble,
Y — npocTpaHCTBO ONMCAHWI TpaH3aKL i

o R= (ru,-) Ux/ — MaTpuua oTHoweHuii (nam kpocc-Tabynsiyun)
rui = aggr{(ue, ie,yt) € D | ug = u, iy = i}
@ r,i € {0,1} — buHapHble gaHHble

o r,i€{1,2,..., M} — peiitunrun (nopsagkosble nan yensie)

3apayun B pekomeHAaTeNbHbIX CUCTEMAX:
@ MPOrHO3MPOBAHUE HE3AMOJIHEHHbBIX SYEEK [y

@ paHXUpoBaHUe tOp-n CNUCKa peKOMeHpauuii Ans u uam gns i
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MocTtaHoBka 3aga4m v npunoxkeHuns MoctaHoska 3apa4n
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Mpumep 1. PekomeHpgaTensHas cucrema gas e-commerce

U — knueHTbl MHTEpHET-MarasunHa
| — ToBapbl (kHMrKM, BMAEO, My3biKa, KypCbl, MEPONPUSATUS 1 T.M.)
ryi = [KANeHT u nocmoTpen/3akasan/kynun Tosap i |

3apaym nepcoHanusauun npeasioXeHuii:
@ BbIJaTb OLUEHKY TOBapa / AJ1s KAUEHTa U
@ BbIJaTb KJAUEHTY U CAUCOK PEKOMEHAYEMbIX TOBApPOB
@ NpeasioXNTb COBMECTHYIO nokynky (cross-selling)
@ nHopMUpoBaTL KAMEHTA 0 HoBOM ToBape (up-selling)

Category Recommender systems
Video Netflix, Hulu, Youtube, Youku, iQiyi, Tudou, Kué
News Google news, ifeng, Toutiao, NetEase news, Digg
q Yahoo! Music, Pandora, Douban music, QQ music, Google
Music
play, Last.fm
Socia networking services  Facebook, Twitter, sina weibo, QQ, Linkedin
E-business Amazon, eBay, taobao, JD, Suning

Rui Chen et al. A survey of collaborative filtering-based recommender systems:
from traditional methods to hybrid methods based on social networks. 2018.
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Mpumep 2. PekomeHnpgaTtensHas cuctema ansa web-ctpanuy

U — nonb3soeatenn WHTepHeT

| — cTpannubl (caiiTbl, CTaTbn, AOKYMEHTbI, HOBOCTH, 1 T.M.)

ryi = [nonb3oBaTens u noceTun/npounTtan/Ternposan cTpaHuly i|
OcHoBHasa runote3a Web Usage Mining:

o [Mocewenuns nonb3oBaTeNs XapakTepU3syOT €ro NpeanoYTeHns:
NHTepecsl, BKyCbl (taste), NpuUBbIYKN, BO3MOXHOCTN

3agaquun nepcoHanusaunn nNpeasioxXeHnii:

@ InA nonb3oBaTens u:
— BbIAATb OLLEHKY CTpaHULbl |
— BblaTb PaHXXWPOBAHHbIN CNNCOK PEKOMEHAYEMbIX CTPaHUL,

@ 15 CTpaHWLbl i BbIGATL CAUCOK CTpaHuL, bauskux K i
Mpumepsbi: 5.[3eH, http://SurfingBird.ru
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Mpumep 3. PekomeHgaTenbHass cMCTeMa Ha OCHOBE pPeiTUHIOB

U — knneHTbl MHTEpHET-MarasuHa
| — ToBapbl (KHMMW, BUAEO, My3biKa, KypCbl, MEPONPUATUS 1 T.M.)
rui = PEMTUHT, KOTOPbI KAUEHT U BbICTABWA TOBapy |

Mpumep: koukypc Netflix [www.netflixprize.com]
2 okTsbpa 2006 — 21 centabps 2009; rnasHbiii npus — $10°

°
e |U|=480189, |/|=17770

o 108 peiiTuHroB punbMOB Mo LwKane {1,2,3,4,5}

@ TOYHOCTb MPOTrHO30B OLEHMBANACh NO TECTOBOI BbibOpKe D’

RMSE? = |le| ST (ri— )
(u,i)eD’

@ 3agava: ymeHbwunts RMSE ¢ 0.9514 go 0.8563 (Ha 10%)

Y.Koren. The BellKor solution to the Netflix Grand Prize. August 2009.
A.Téscher, M.Jahrer. The BigChaos solution to the Netflix Grand Prize. 2009.
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OcHoBHble noaxoabl B konnabopatusHoii punstpauun (CF)

Mo ncnonb3lyemMoit MaTeMaTUYECKO TEXHUKe:

o koppensiynorubie mogesau (Memory-Based CF):
KOPpEeNsiLmMm CTpoK/cTonbuos ncxogHoi matpuusl R

@ satenTHble cemManTnyeckue mogenn (Latent Model-Based CF):
BEKTOPHbIE NpeAcTaBaeHnst (3mMbegunHrin) KANeHToB n 06beKTOB

Mo Tunam ucnosb3yemMbiX JaHHbIX:

@ 2D: Tonbko MaTpuuya R

@ 3D: koHTekcTHO-3aBMCMMBbIe (context-aware, field-aware)

@ yuér cogepxumoro (content-aware, rubpngHsie Mogenn)
@ yuéT cBA3eli foBepus Mexay kaneHtamn (trust-aware)
°

y4€T Bpemenn (time-aware)

F.Ricci, L.Rokach, B.Shapira. Recommender Systems Handbook. Springer. 2015.
https://shuaizhang.tech/posts/2019/08/blog-post-2
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HenapameTpuueckas perpeccusi Ansi BOCCTaHOBMEHUS MPONYCKOB

Ouenka peitTuHra no cxoxum knmnerntam (User-Based CF):
o euw S =)
v ‘ ZveU(u) S(U’ V)

U(u) — MHOXeCTBO K/IMEHTOB, CXOXUX C U

ry, — CpefHWil peATUHI KAWEHTa U
S(u, v) — dyHkuus cxoacTsa napbl kaueHTos (u, v)

Ouenka peiiTuHra no cxoxum obbvektam (ltem-Based CF):
Zjel(i) S(i, ) (ry — 1))

>jei(iy S(isJ)
I(i) — MHOXECTBO OBBEKTOB, CXOXKMUX C |

f; — cpemHuii peliTuHr obbekTa J
S(i,j) — dyHkumn cxogctea napbl 0bbekToB (i, )

rui = i
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DYHKLNN CXOACTBA A5l PEATUHIOBbLIX AaHHbIX

(1) — MHOXeCTBO OOBEKTOB, KOTOPbIE KNEHT U OTPEATUHIOBA
I(u, v) — MHOXeCTBO OBBEKTOB, KOTOPbIE OTPEMTUHIOBANN U 1N V

Koppensauuna MNupcona:
Z,e/(u V)(rm ru)(rw rv)
\/ZIEIUV Fui — I’,_, \/ZIGIUV rVI_rv)2

KocuHycHaga mepa cxoacTtsa:

5(u,

Z:el(u v) Fuitvi

\/Z:el \/ZIG/

roe HesiBHO npegnonaraetcs, yto ry; = 0, ecam | # [(u)

®Pynkunsa cxogctea S(i,j) nap obbekToB onpeaenseTcs aHanoOrMyHO
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DyHKUUN CXOACTBA A OMHApPHbLIX AaHHLIX

Yem bonbwe [(u) N /(v), Tem Bonee CXOXKN KIANEHTBI U U V:

u: \ U/(u)\ =m L \
I(u) N I(v)
v \ (1)l =n | \

Mepa 6nusoctu MXKakkapa (Jaccard similarity):

() N 1))
) = [y i)

Touubiii Tect Puwepa (Fisher's Exact Test, FET)
BeposiTHOCTb nepeceyeHnst OLEHOK NpW HY/1EBOM rMnoTese,
4TO KJMEHTBbI U 1 V COBEPLLAIOT CBOW BbIGOP HE33aBMCMO:
Ci Clnl—i
. m=|l|—m
S(u,v) = —log P{|I(u) N I(v)|=i} = — log ——=——
]
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PaspexeHHas nuHeiinas mopens (Sparse Linear Method, SLIM)

Item-Based: ouenusaem 7 no ry; Apyrux obbeKToOB, UCNO/L3YS
obyuaemble napameTpbl Wj; BMecTo dbyHKuun cxopctea S(i,j):

Pui = Y rajwij = (ru, w;)
jel
B matpuunoii 3anucu: |/| nuneiinbix perpeccnii f; = Rw;, i € |

MeTop HaumeHbLWINX KBaZpPaTOB C peryasipusatopamm Lo n Ly,
OFpaHUYEHNEM HEOTPULATENLHOCTN KOIDDULNEHTOR 1
YC/IOBUEM, 4TO OBBEKT He AOJKEH OLEHMBATBLCA MO camMomy cebe:

5
wi 20, w;=0

Hir = Rwil? + Swill3 + Awillr — min
1

Xia Ning, George Karypis. SLIM: sparse linear methods for top-N recommender
systems. 2011.
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Mpeumywectea SLIM (Sparse Linear Method)

@ DTo cTaHgapTHas 3agada nunelinoli perpeccun (ElasticNet)

@ Pewenne pacnapannenueaercs no cronbuam r;, i € /

@ Li-perynsipusauus enaeT peLleHne pPa3peXXeHHbIM

o [lononHnTenbHblii 0TOOP NpU3HAKOB NO KOCMHYCHONR Mepe:
Anst kaxxgoro i bepém 10 npmsHakos j ¢ Hanbonbwmmn S(i, f)

@ VcnewHbili METOA, MO KAa4YeCTBY paHXMPOBAHUS U CKOPOCTH

Mpumep: 3aBucumocts LOOCV HitRate ot gnunsl cnucka (Ha ganHbix Netflix)

O35 mmm itemkNN mmm userkNN ==  \WRMF mmm  BPRKNN
0.30 | == itemprob E=m PureSVD =3 BPRMF == SLIM

0.25
0.20
0.15
0.10

5 10 15 20 25

Xia Ning, George Karypis. SLIM: sparse linear methods for top-N recommender
systems. 2011.
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Pe3ome no Memory-Based metogam

MpeumywecTsa ana GU3HEC-NPUNOXKEHUIA:
@ NIErko NMOHUMAThL U OBBACHATL:

«Te, KTO KyNuJ 3Ty KHUTY, TaKxe nokynanu...» [Amazon.com]
@ JIErKO peann3oBaThb

@ metog SLIM — npocToii u o cux nop oguH M3 AyHLmx
Hepoctatku:

@ TpebyeTcs xpaHeHUEe OrpoMHOIA paspexxeHHol MaTpuubl R
@ npobnema «XONOZHOro CTapTay

— He SICHO, YTO PEKOMEHA0BAaTb HOBbIM KJNEHTaM

— He SICHO, KaK N KOMY PEKOMEHAOBaTb HOBble ODbeKThI
@ VHOrAa pekoMeHJauuu TPUBMasbHbI

— npegnaraertcst BCE Hanbonee nonynsipHoe

,El,anee: KaK JIATEHTHbIE MOAE/IN YCTPAHAKT 3TN HEAOCTATKN
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HuskopaHroBbie maTpuuHbie pasnoxeHus (matrix factorization)

T — mHoxecTso unTepecos (tem): |T| < |U|, |T| < |/|
put — BeKTopHoe npeAcTasnenue knmenta u, P = (put)uxt
Qit — BEKTOpHOE npeacTasneHue obbekTa i, Q = (q,-t) IxT

3apaya: naiitu pasnoxerue fui = > purqir = (Pu, Gi)
teT

Matpuunas 3anuce: R = PQT, kputepnii |[R — PQT| — rpig

BepositHocTHas uuTepnpetauus: p(iju) = Z q(ilt) p(t|u)
——
rui teT qit Put
MeToabl peweHus:
o CunrynsipHoe pasnoxenue (singular value decomposition, SVD)
@ HeotpuuatensHoe matpuynoe pasnoxerne (NNMF): p:, gir > 0

e Croxactuyeckoe maTpuyHoe pasnoxerue (Topic Modeling)
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CunrynapHoe pasnoxetue (singular value decomposition, SVD)

MocTanoeka 3agaun: ||R — PQT||? — rpig

CunrynspHoe pasnoxevne: R = VvVDVDU", U'U=1, VTV =1
—— ——
P QT
DocTtouHcTBa:
@ MOXHO NMPUMEHATbL roTOBble BNbANOTEKN NMHERHO anrebpbl
@ XOpOLUEE paHXUPOBaHME NPESJIOKEHNA HA HEKOTOPBIX HaHHBIX
HepocTtaTtku:
@ €CNN r,; HE N3BECTHO, TO nonaraem r,; =0
(HesIBHO CYMTaEM, YTO €CNU KJIMEHT U HUKOTAA He Bbibupan
OBBEKT i, TO OH €My, CKOpEe BCEro, HE UHTEPECEH )
@ OpTOroHanbHOCTL (COBCTBEHHLIX) BEKTOPOB Py, Gt
@ HENHTEpPNpeTUPYEMOCTL KOMMOHEHT BEKTOPOB Py, q;

Cremonesi P., Koren Y., Turrin R. Performance of recommender algorithms on
top-n recommendation tasks. RecSys 2010.
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Metog 4depegyrowuxca HaumeHblnx kBagpatos (ALS)

MocTaHoBKa 3afa4u:

A(P,Q) =||R— PQ|”> + A|P|I”> + pl| Q> — min

Metoa Alternating Least Squares (ALS):

%Z%Z(R—PQT)C%L)\P:O = P=RQQTQ+ )"
106 _ . T TP(PT -1
200 ~ P (R=PQ)+pQ=0 = Q=RP(PP+ul)

3afava pacnagaercsi Ha HE3ABUCWMbIE JINHERHBIE PErpeccum
(BbIMMCNEHMS NIErKO pacnapafNennBaoTCs):

pu=(QQ+A)'Qr,
= (P"P 4 pul)™*Pr;
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Mogenb natenTHbix dpaktopos (LFM, Latent Factor Model)

MocTaHoBKa 3afadn anga cnydasa paspeXeHHbIX AAHHbIX:

2
§:<m—E—E—ZHM%>%gg
(u,i)eD te’ ’

vV
Eui

MeTog CTOXaCTM4eckoro rpagueHTa:
nepebupaem Bce (u, i) € D MHOrOKpaTHO B CayYaliHOM nopsiAke

N Oenaem KaxkAablli pa3 rpafiMeHTHbIA War Ans 3a4aqn E%“- — min:
Pu,qi

Put := Put + NMEuiqQit, t€T
Qit = Qit + NEuiPur, te€T

MoxHo Takxe obydats 7, (u € U) n F; (i € 1) kak napameTpbi

Tacdks G., Pildszy I., Németh B., Tikk D. Scalable collaborative filtering
approaches for large recommendation systems // JMLR, 2009, No. 10, Pp. 623-656.
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Mogenb natenTHbix dpaktopos (LFM, Latent Factor Model)

MpeumyLlecTea MeTOAa CTOXaCTUYECKOTO rpajueHTa:
@ JIEFKO BBOAUTCA perynﬂle3aL|,|/|$|:
2 2 2 :
eui + Allpull” + pllgif|* — min
Pu,qi
@ J1IErkKo BBOOATCA OrpaHN4€HNA HEOTPULATENBHOCTI!
put =20, gir =0 (meTog npoekuun rpagmeHTa)

@ /Ierko BBOAMTCA 0600LIEeHNE AN PaHrOBbIX JaHHbIX:

2
Z <rui_,u(Fu+Fi+ZPutq,'t>) — min,

P,Q,1
(u,i)eD teT @
roe (4 — rnagkas MOHOTOHHast dyHkuus ¢ M napameTpamu,
npeobpasytowas oueHkn 7y B wkany pedtunroe {1,..., M}

@ NIerko peannsyroTca BCe BUAbl NHKPEMEHTHOCTU — aobasneHune
elwé ofHOro: KaneHTa u / obbekTa i / 3HauYeHns ry;

@ BbICOKasl YnCeHHast 3pheKTUBHOCTL Ha BOMbLINX JaHHbIX
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NNMF (Non-Negative Matrix Factorization)

MeTog yepeayrowmxcs HanmensLunx kagpatos (Alternating Least
Squares, ALS) ans HEOTPULLATENBHOMO MATPUHHOIO PA3NOKEHNS:

B B T2 _ _ T(|2 1
A = HR t;rptqt H - HRt Peqt H — {pt;aIgt?O}

Naes: nckatb noodepénHo 1o ctonbupbl py, To ctonbusl q;
npu PMKCNPOBaHHBIX OCTanbHbIX: Ry = R — > psq..

seT\t
N tht)
—=0 = i —R)gr=0 = = (
Ops (pta; £)Gt Pt ata:) .
oA RTpt
- = O = T T _ R — 0 = _ < t )
9a: p: (Ptq; — Rt) qt SR

(nonoxuTensHas cpeska — u3 ycnoeuii Kapywa—Kyna—Takkepa)

A.Cichocki, R.Zdunek, S.Amari. Hierarchical ALS algorithms for nonnegative
matrix and 3D tensor factorization. 2007
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MynbTunankatTusHelii anroputm NNMF

METO,EI' HAMMEHbLUNX KBaAPaTOB C YCAOBUAMU HEOTPULLATENBHOCTN!

HR— PQTH2 — rpig, P>=0, Q=0

N3 ycnosuii Kapywa—KyHa—Takkepa nonydaem cuctemy ypaBHEHWI,
yLoBHYO ANsi NpUMEHeHNs MeToha NpOCTbIX UTepaLnii:

o g (RQue L (RTP):
PRI T T (QPTP):

VanobHas maTpuyHas 3anuch, rae ® m @ obosHavatoT
NOKOMMOHEHTHOE (alaMapoBO) YMHOXEHNE 1 AeNEHUE MATpUL:

P:=P®(RQ)2(PQ'Q)
Q:=Q®(R"P)2(QP"P)

Andrzej Cichocki et al. Nonnegative matrix and tensor factorizations. 2009.
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BeposiTHOCTHBbI flaTeHTHbI cemaHTu4deckuii aHanus (PLSA)

Tematuueckue mogenu B CF: JOKYMEHT < KJIUEHT, CNOBO <> 06BbEKT
Makcumnsauns npagaonogobns ans tematnyeckoin mogenn PLSA:

Z ryiln Z QitPut — maC;( dit = p(”t)7 Put = p(t|U)
(u,i)eD teT

EM-anroputm (pesynbtat E-wara p(t|u, /) sctpoen B M-war):

qitp qitp
Put = norm <Z Fui PE)TM > gir = norm <Z Fui PICt\)TUtU,>

VoobHas ans peannsauun maTpuyHasl 3anuce,

r4e r-norm — HOPMUPOBKA NO CTpPOKaM, C-nOrm — no cTonbuam:
P :=rnorm(P® (R PQ")Q)
Q :=cnorm(Q @ (R" @ QP™)P)

M.Shashanka et al. Probabilistic latent variable models as nonnegative

factorizations. 2008.
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MocTtaHoBka 3aga4m v npunoxkeHuns MoctaHoBka 3apa4n
KoppensauynoHHsie mogenn
JlaTteHTHble cemaHTU4eckue mopenu

Mogenb ¢ yuérom HesBHoi nHcgopmauuu (implicit feedback)

Seuble (explicit) npegnoyteHus ry;, 6onee ka4eCTBEHHbIE LaHHbIE:
@ MNOKYNKW TOBAapOB B MHTEPHET-MarasnHe

@ OUEHKWN, peiiTuHru, naﬁKm/,qVBnal‘/’le

Hesghble (implicit) npegnoytenus s,;, 6onblioii 0bbéM paHHbIX:
@ nocelieHne CTpaHuLLbl TOBapa

@ npocmoTp (Kakoii-To 4acTn) dpunbma

WNpea: npeackasbiBaem S, C BECOM Cyi = 1 + aury:

2
E Cui (su;—Eu—§;— > putqit> +A E || pul 241 E qil|> — rpig
teT s

(u,i)eD uel icl

Mopenb ¢ HesiBHbIMU NpegnodTeHnsmu nobeamna & Netflix Prize.

Bell R. M., Koren Y., Volinsky C. The BellKor 2008 solution to the Netflix Prize.
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AsTokogunpoBLnKn

V4ér gononHutensHoli nHdpopmauun PakToprsaLmoHHble MaLUMHBI
IpacboBbie amMbeanHrn n TemaTn4eckne mogenu

ABTOKOAUPOBLUNKN ANa KonnabopaTueHoi chunbTpaumu

f: X—Z — rogmupoewuk (encoder), kogosslii Bektop z=f(x, )
g: Z— X — pekopmposlyuk (decoder), pekonctpykuns X=g(z, )

Cynepnosuuus X = g(f(x)) Ao/KHA BOCCTAHABANBATL UCXOAHBIE X;:
)4

S (g(f(xi, ). 5) = xi)* = min

o
i=1 A
[Ba BapmaHTa aBTOKOAMPOBLUNKA, user-based un item-based:

uAE: Z(g(f(ru,(};),ﬁ) — ru)2 + p(a, ) — min

a,B
uel
AE: Y (g(f(ra).8) = n)* + pla, B) — min
iel ’

roe ri — ctonbusl R, r, — ctpokn R, p(«a, ) — perynsipnsatop
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ABToKOAMPOBLLKK
V4ér gononHutensHoli nHdpopmauun PakToprsaLmoHHble MaLUMHBI
IpacboBbie amMbeanHrn n TemaTn4eckne mogenu

MaTtpuyHoe pa3no)xxeHne Kak JIMHEWHbIA aBTOKOOWUPOBLLNK

MaTtpuuHoe pasnoxenue (MF, matrix factorization)
IR = PQ™I> + AIPI? + pl QI — min
ALS ¢ Lp-perynsipusaumeii, 6e3 orpaHu4eHUii HEOTPULLATENBHOCTU:
P=RQRQ+AN)Y  Q=R"P(PP+pul)
ABTOKOAUPOBLLNK KJINEHTOB 1, 1 pu S 7, (user-based AE):
pu="f(rs,Q) = (QTQ+A)'Qr,

uAE: R
ry = g(Pu; Q) = qu

ABTOKOANPOBLLNK 06HLEKTOB r; 1 g = F (item-based AE):
iAE: q; = f(r;, P) = (P"P 4 pul)"*Pr,
fi = g(qi, P) = Pa;
MF = maTpnua napamMeTpoB X MaTpuLa KOZOBbIX BEKTOPOB
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ABToKOAMPOBLLKK
V4ér gononHutensHoli nHdpopmauun PakToprsaLmoHHble MaLUMHBI
IpacboBbie amMbeanHrn n TemaTn4eckne mogenu

HeiipoceTeBoii aBTokoguposuunk gna CF

[Ba BapuaHTa aBTOKOAMpPOBLUMKA, user/item-based: p

uAE: F, = o (Wao(Wiry + bi) + by) . .
1

iAE: ?,-:a(Wga(er;—l-bl)—l—bg) 4

LLlymonoaasnstowwmii aBrokoguposmk (Denoising iAE):
Ha Bxog F;(ri, W) nogatoTcs BeKTOpbI F; C LUYMOM, B KOTOPbIX
HEKOTOPbIE KOOPANHATLI 0bHyneHbl, By = [Fui = 0 # ry
5 . 2 .
> (aBui + BBui) ((Fi(F W))u — rui)” + AW? — min
(u,)eD
rae wrpad 3a ownbkM pekoHCTpyKLMKU: « ¢ wymom, (3 6e3 wyma

@ B 3KCMEpUMEHTax ONTUMasbHLIMKU OKasanucb o = 1, = 0.65
@ iAE paboraeT HemHoro nydwe, yem uAE

F.Strub et al. Hybrid recommender system based on autoencoders. 2017.
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ABToKOAMPOBLLKK
V4ér gononHutensHoli nHdpopmauun PakToprsaLmoHHble MaLUMHBI
IpacboBbie amMbeanHrn n TemaTn4eckne mogenu

HononHutensHble aaHHble B MF 1 aBTOKOAUpPOBLMKaAX

xy € R" — BekTOp npusHakoB kaneHTa u € U
yi € R™ — BekTop npn3nakos obbekTa i € |
MpepackasaTtensHast MOgeNb C NapameTpamun py, pl, Gi, §:

Fui = (Pu, Qi) + (xus G7) + (P, yi)

MaTpuuHoe pasnoxenue: |PQT + XQ'™ + P'YT — R||2 — , cr)n/i;) o

HelipoceTeBble aBTOKOAMPOBLLMKN C AOMNOAHUTEbHBIMU AAHHbBIMN:

uAE: 7, = 0(W2 ao(Wiry + Wix, + by) + Wix, + b2)
IAE: 7 = o(Wao(War + Wiy; + br) + Wiy; + bo)

HepocTaTok: HEBO3MOXHO OLHOBPEMEHHO YYNTBIBATL X, U V;

F.Strub et al. Hybrid recommender system based on autoencoders. 2017.
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ABsToKOAMPOBLLKY
V4ér gononHutensHoli nHdpopmauun ®PakTopr3aLMoHHbIE MaLUMHbI
IpacboBbie amMbeanHrn n TemaTn4eckne mogenu

AdononHutenbHble AaHHbIE B NNHEHOW perpeccMoHHoii Mmogenu

Xui = (Xui1, - - -, Xuin) — BEKTOpP MpU3HaKOBOro onucanust (u, i)

Mpumepbl Nnprn3Hakos:
@ Anst PUIBMOB: TEKCT OMUCAHUS, TEMN, aPTUCTbI
@ A5t My3bIKW: XKaHP, UCMOJHUTENb, TErn
@ Ans cObbITUI: TEKCT ONUCAHNS, F€0NOKALMS, OT3bIBbI
@ yHuTapHblii kog (one-hot encoding) knmeHTta u

@ yHuTapHbiii kog (one-hot encoding) obbekTa i
Jnneiinas perpeccmoHHas mogens Ans ry;:
n
ruyi = wo + E W Xyij -
j=1
Ona He ONMCBIBAET CBSA3N MEXAY KAUEHTaMu 1 obbekTamu
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ABsToKOAMPOBLLKY
V4ér gononHutensHoli nHdpopmauun ®PakTopr3aLMoHHbIE MaLUMHbI
IpacboBbie amMbeanHrn n TemaTn4eckne mogenu

AdononHutenbHble AaHHbIE B KBAaAPaTUYHOW perpecCMoHHO moaenu

[obaenm B3anMOAERCTBISA MEXAY NPU3HAKAMU:

ruz = wp + 5 Wi Xyijj + E E Wik XuijXuik

j=1 k=1

npep'CTaBVIIVI BE€Ca Vij HU3KOPAHTOBbIM MAaTPU4YHbLIM Pa3JIOXKEHNEM:
T T
Wik = Vj Vi, vi € RIT!

@ peryaupyeMoe HUCAO NapameTpoB
@ EC/IN HET AOMNOJIHUTENbHbLIX NMPU3HaKoB, TO noayd4aem LFM
@ HacTpauneaetcsa ¢ nomouwsto SGD naun ALS

°

Hanbosee MOLLHbIA UHCTPYMEHT — bubauoTteka libFM

Steffen Rendle. Factorization machines with libFM. 2012.
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ABsToKOAMPOBLLKY
V4ér gononHutensHoli nHdpopmauun PakToprsaLmoHHble MaLUMHBI

IpadboBbie ambeauHrn n TemaTudeckne mogenn

HdononHutensbHble gaHHble NpeacTaBumbl B Buge (runep)rpada

A — cnosapb aTpubyToB KNneHTOB (Coumem, pernoH, xobbm...)
B — cnosapb cBoiicTe 06bekToB (C/10Ba B TEKCTOBLIX 0bBEKTaX)
C — KOHEYHOE MHOXECTBO (C/I0Bapb) CUTYaTUBHBIX KOHTEKCTOB
T — KOHEYHOE MHOXECTBO (C/I0Bapb) MOMEHTOB BPEMEHN

Bugbl fonNoaHUTENbHBLIX OAHHbIX: ?oo ° B
. . \ /\
(ilu) — knueHT U BBIGPaN OOBEKT i | V)
COqte/nt-aYVal’e
(alu) — kaueHT u umeet aTpubyT a |/ \|
. . ~ i/ “
(b|i) — obbekT i umeet cpoiictso b S o
N0 05 J
(v|u) — KANEHT U JOBEPSIET KANEHTY V u N <
. . ~_ >pop O
(i, blu) — knueHT u oTMeTUN | T3rom b e ’
(i|lu, €) — knueHT u BbIGPaN 0OBEKT i _
context-aware time-aware
B CMTYaTUBHOM KOHTEKCTe C
(ilu, ¢, 7) — knMeHT u BbIOPAN OOBEKT i
B KOHTEKCTE C B MOMEHT BpemMeHn 7 C © 70 ° T
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ABsToKOAMPOBLLKY
V4ér gononHutensHoli nHdpopmauun PakToprsaLmoHHble MaLUMHBI
IpadboBbie ambeauHrn n TemaTudeckne mogenn

MynsTumopansHas (runep)rpacdoBasi TemaTnyeckass Moaenb

O0bwasn nges rpacdoebix sMOEAUHIOB U TEMATUYECKUX MOAENENA:
Habntogaemble pébpa 0bBACHAOTCA CKPLITBIMWU BEKTOPaMMN BEPLUWH

2 Fuiln ETP(tIU) p(tli) p~(t)

u,i

Y msln X2 p(eli) p(elb) p7(8)

ib teT
+ X2 Y nualn Y p(tlu) p(tla) p~(t)
u,a teT
+ A3 2 nuicIn 3 p(t]i) p(t[u) p(tlc) p~3(t)
u,i,c teT
A 3 mierIn 32 p(el) p(tlu) p(tle) p(tIT) p3(t) — max
u,l,c,t te

OnTumuzsayus no scem smbeanHram — sektopam Buga p(t|e)
nsi BEpOSITHOCTHBIX TemMaTuyecknx ambeaunroe — EM-anroputm
[na obblYHbIX SIMBEANHIOB — CTOXaCTUYECKUIi rpagneHT
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Ka4ecTBo BoccTaHOBNEHMS NPOMYCKOB M PaH>XVpoBaHNA
PasHoobpasue, HoBMSHa, nonHoTa n gpyrue
OueHunBaHne ka4YecTBa pekoMeHAaUN KauectBo odnaiin n onnaiin

lamepeHune kayecTBa pekomMeHpaaL nii

RMSE — To4HOCTb npefckasaHust peiTUHIOB:

RMSE2 = 3" (ry — i)’
(u,i)eD

TOYHOCTb NpeAcKa3aHWUii He rapaHTUPYET XOPOLUMX pPeKOMeHAaLuii

Ru(k) C | — nepebie k pekomengaumii gnsi u
L, C | — nCcTuHHbIE NpegnoYTeHNs U

Bosee apekBaTHblIE METPUKIN KaYeCcTBa peKOMeHAaLnii:

.. R, (k)NL
@ precision@k = W — TOYHOCTb
u
R, (k)L
o recall@k = % — nosiHoTa
u

@ mepbl kadectsa patxuposarus: MAP, NDCG v gp.

Guy Shani, Asela Gunawardana. Evaluating Recommendation Systems. 2017.
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KauecTBo BoccTaHOBNEHMS NPOMYCKOB M paH>XNpoBaHNA
PasHoobpasue, HoBuSHa, nonHoTa u gpyrue
OueHunBaHne ka4YecTBa pekoMeHAaUN KauectBo odnaiin n onnaiin

lamepeHune kayecTBa pekomMeHpaaL nii

MHOroKpUTEPUANBbHOCTL B PEKOMEHAATENBHBIX CUCTEMAX:

@ Pasznoobpaszue (diversity): Hanpumep, 4UCNO pekoMeHaaLuii
N3 pasHbIX KAaTEropuii NAn CTeneHb pasanyuns peKOMEHIaunii
MEXIY CECCMSIMU MOJIb30BATENS

o HosusHa (novelty): ckonbko cpegu pekomeHaauuii 0b6B-EKTOB,
HOBbIX /151 NOJIb30BaTENS

o [lokpbiTue (coverage): nons obbekTOB, KOTOpbIE XOTs bbl pas
nobbiBanu cpeam pekoMeHA0BaHHbIX

e [oragnusocts (serendipity): cnocobHocTb yragbisaTb
HEOXKMZAHHbLIE HETPUBMAIbHBLIE NPEANOYTEHNS NONL30BATENENR

e [lpensasTocTs (propensity): cobcTBeHHbIA BLIGOP
nosb30BaTENE HE JO/KEH CMELLATh PEKOMEHAALNN

Mo>XKHO ONTUMU3MPOBaTL ANHENHYIO KOMBUHALMIO KPUTEPUEB,
Anbo oNTUMM3NPOBATL OAUH NMPU OFPAHNYEHUSIX HA OCTasbHbIE.
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KauecTBo BoccTaHOBNEHMS NPOMYCKOB M paH>XNpoBaHNA
PasHoobpasue, HoBMSHa, nonHoTa n gpyrue
OueHunBaHne ka4YecTBa pekoMeHAaUN KauectBo odnaiin n onnaiin

OddnaiiH- 1 oHNaiH- U3MepeHUst Ka4ecTBa peKoMeHJaL|uii

TunnyHas cxema 3KCNepUMeHTa:

@ pasbusaem BbIbOPKY ceccuii Ha obyueHne n TecT
onTuMnaupyem ocpcpaaiiH-MeTPUKyY KayecTBa Ha 0bydeHUN
OLEHMBAEM Ka4ecTBO Ha TecTe U Bbibupaem Mogens

BHeApsieM MOJEeNb B PpeKOMeHAaTeNbHbIli cepBuC

nposogum AB-TecTnposaHue, namepsiem OHNaRH-METPUKY
(BEHBIM NAN YNCNO KINKOB)

Ounaiin- n odpcpnaiin-meTpukn MoryT 6u1Te Cnabo cesizaHbl:

@ B odpdpnaiiHe He N3BECTHO, YTO NOAbL30BaTENb MO Bbl KynUTh

@ B odpdpnaiiHe He N3BECTHO, 4TO OH Kynua bbl bes pekomeHgaumii
BbiBogbl N3 3KCNEPUMEHTOB: 415 YNYYLIEHNS OHNARH-TOYHOCTI
HY>XHO ONTUMMW3UPOBATL pa3Hble acnekTbl kadecTsa B odchnaiie.
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Pesome

Konnabopatusnas ¢punstpayus (Collaborative Filtering) — ato
Habop METOAOB O/ NOCTPOEHNSI PEKOMEHAATENbHBIX CUCTEM
(Recommender Systems)

KOppeﬂFlL{l/IOHHble Mogesnm — npocTbie, HO yCTapeBLwne

JlaTeHTHbIE MOgEM 0BNAJAIOT PALOM NPEUMYLLECTB:
@ cokpaulaeTcs 0b6bEM XpaHUMBbIX JaHHbIX
@ MPUBIEKAKOTCS BHELUHUE [AHHbIE LNl «XOJOLHOro CTapTay

@ HEOTPULATENLHBIE N BEPOSITHOCTHLIE SMbBeauMHII
WHTEPNPETNPYIOTCA KAaK BEKTOPbl K MHTEPECOBY» MM KTEMY
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