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Llenb nccnegoBanuns

3apaua
HOCTpOeHl/Ie TeMaTun4ecKo MOLENN, HAXOXKAEHNE TEMATUYHECKNX BEKTOPOB
(npodhuneii) obbeKTOB, BbISIBIEHNE MHOXKECTBA JIATEHTHBIX TEM.

Mpobnema
EOJ'IbIJJVIHCTBO CylecTByrOLNX TEMATUHECKUX Mo,u,ene|7| OMUCbIBAKOT TOJIBKO
nonapHble BSaVIMOAeVICTBVIﬂ Mexny 061:EKT3MI/I Pa3HbIX TUNOB (MOAaJ'IbHOCTEVI).

Mpepnaraercsa
O60bWNTE METOABI TEMAaTUYECKOrO MOAENMPOBAHUS HAa CAy4Yaid, Korga UCXoAHble
B3aVIMOp,eI7ICTBI/IF| O61:eKTOB HE pacnafakoTCd Ha NMonapHbIE.
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[vneprpad
e [laHHble couymnanbHoOW ceTu
(u,w,d) — nonb3oBatens u Hanucan cnoso w B brore d

e [laHHble ceTN NHTEepHEeT-peKIambl
Mpumepsl (u, b,d) — nonb3oBatenb u kNUKHYN banHep b Ha cTpaHuue d

TpaH3akuun [JaHHble pekomeHpaTeNIbHOW CUCTEMDI

(u,f,s) — nonb3oBaTenb u oueHun punbm f B CUTyaunn s

HanHble domHaHCOBbLIX OpraHn3auymii
(b,s,g) — nokynatenb b Kynun ToBap g y npofasua s

TpaH3akuusi <> onpegeneHHoe pebpo.

[aHHble <> pebpa runeprpada.

Muneprpad — 0bobweHne rpada, B KOTOPOM pebpomM MOryT COeaUHSTLCA He
TOJILKO ABE BEPLUMHBI, HO 1 JIl0DOE MOLMHOXXECTBO BEPLUUH.
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[Tpumep
TpaH3akuMoHHbIE AaHHble — Habnogaemble pebpa runeprpada
TransARTM
Muneprpach o
e MuoxecTtBo mopgansHocTeli M:
RLeena:
Anroputm
ooaA
DKcnepuMeHT
MopgeneHeie
e MHO)KECTBO Tunos pébep K:
PesynsTaTs
PeaneHeie
Mocranoska E i i i OE\A
PesyneTtaTs! ndx 3 3 4 2

3aksoyerne

Ngx — YNCNO pe6ep (d, x) B runeprpade

MHoxectBo Tem T:

@ece0®

XOTUM HallTh TeMATNYECKNe BEKTOPA BCEX BEPLUNH
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[NocTaHoBKa 3a4a4u

[ns onTumMusaumy napaMeTpoB NPUMEHUM NMPUHLMI MaKCUMyMa npasgonognobus:

ZTk Z ndx|nz9th@vtk+ R(®,0) —>r£%<,

keK  (dx)€Ex tel  vex perynsipusatop

roe Tk — Bec pebép tuna k, 0y = p(t|d), vk = pr(v] t).

OrpaHunyenus:
d — BOKYMEHT
Z Ovik =1, vk =2 0 v — BepLuMHa
vEVnm
m — MOZaNbHOCTb
Oig=1,0:,g >0
Z td = & YVtd Z k — Tun pebpa
teT
t — Tema
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EM anroputm

E step. Boiuncnenve pacnpegenenus tem ans kaxgoro (d, x):

max{a;, 0}
=norm/| 0 rfe norma = ———————————.
Ptdx o td g Pvek |, TH e Zjél max{af7 0}
M step. OueHnBaHue napaMeTpoB MOAENN:
OR
puek =norm| Nvek + Puek5— |; Ny = Z [v € X] Tk Nax Prax;
VEVm 0Ptk
(d,x)EEx
OR
Oig = noerm(ntd + O 90 d)' Neg = Z Z Tk Ndx Ptdx;
keK (d,x)€Ey

Teopema
Ecan dyrkuns R(P,©) HenpepbiBHo gudpcbeperumpyema u (P, ©) — Touka sOKasbLHOrO
MaKCMMyMa pacCMaTprBaeMoli 3a4a4m, TO BbIMOJHSAETCA CUCTEMA yPaBHEHWN, OMMCaHHAS BbilUe,

OTHOCUTENIbHO MapPaMeTPOB Yyik, Otg N BCOMOraTeNibHbIX MEPEMEHHbBIX Prdx, Nid N Nytk-
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DKCNepUMEHT

MopenbHble gaHHble:

1 lenepauyms matpuy © = p(t|d) n ®x = pr(v|t) ans Beex k € K.

Yucno tem: 50
Yucno knaccos: 5
Yucno gokymenTos: 5000

OOBEKTHI

Yucno obbektos: 1000 z o
Yucno Tunoe pebep: 9 &
Yucno mopanbHocTeii: 3 e
© & R50%5000 83
1000x50 2 ]
P eR JIoKyMeHTBbI Tempr Tembl

2 [eHepaumns gaHHbIX (TpaH3akuyuii) Ha ocHoe MaTpuy ©, Dy.
O6uwee 4ncno TpaHsakuuin: ~ 13500 000.
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Uenu akcnepumeHTa:

1 [MposepnTb, cnocobex sy anropuTM BOCCTAHOBUTL MapaMeTpbl MOAEM, C MOMOLLbIO
KOTOPOi Bblnn NOPOXKAEHbI AaHHbIE.

2 OueHnTb YCTOMYMBOCTE MOZEN OTHOCUTENIBHO MHULMANU3auumn n Boibopa Yucia tem.

MocTaHoBKa 3kcnepuMeHTa:

1 Bbl‘-II/ICJ'IeHI/Ie MaTpuubl @ C NCNONTb30OBAaHNEM PA3JINYHbIX METOAOB!
e PLSA;
e MultiARTM;
e TransARTM.

2 Pelwenune 3aaa4mn knaccurkaumum JOKYMEHTOB C UCMONb30BaHNEM pacnpeseneHis
Tem p(t|d) B kavecTBe Npn3HaKOB.

3 OueHka KayecTBa BOCCTAHOB/IEHUS MaTPULbl © NyTeM BbIYUCAEHNS TOYHOCTU PeLLEeHUs
334341 Knaccmprkauy JOKYMEHTOB:

1
ToyHoCcTb = — g [pred t""e]

i=1
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PesynbTaThl

TransARTM 1.0

Fneprpadb Yucno tem coenagaer c
S 0.9 3aJaHHbIM MpU reHepauumn
Anroputm
DKcnepuMeHT 0.8

MopgensHsbie

Mecranosxa =

PesynsTaTtel Q 0.7

e

Ao &

MocTaHoeka [}

e — = 0.6 Bbi BOA:
3akntoyeHune

0.5 , ToansARTM TransARTM pocturaer
MultiARTM BbICOKOIO Ka4ecTBa
04 m——PIISA bbicTpee apyrux moaenei
0 5 10 ) %0 0 Ha TPaH3aKLMWOHHbIX
Howmep urepanuu OAHHbIX.
8/15 - e = = =
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100

PesynbTaThl

MeHsiem yncno Tem
ot 5 po 100

BuiBog:

TransARTM naubonee
yCTOl4MBa OTHOCUTEJNIBHO
MHMLMaNM3aummn n Boibopa
4yucna Tem.
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PesynbTaThl

Metnsiem qncno
TpaH3akuuii
ot 450000 mo 13500000

TouHOCTH
o o
=) 0

04
0 25 50 75 100
Howmep urepauuu
o BobiBog;:
TransARTM
BOCCTaHaBJ/INBAET

N3HaYanbHYO CTPYKTYpbI
mMaTpuubl © € BbICOKUM
KayeCTBOM Jaxke npu
HEBOMbLIOM YnCe JaHHBbIX.
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PesynbTaThl
1.0 1.0
TransARTM MeHsiem paspe>xeHHOCTb
uneprpacs 0.9 0.9
Reemomerme a a MaTpuusl ©
sapasm 508 508
Anropurm g g ot 0.2 o 0.8
N T
DKcnepyMeHT 07 007
= =
MopgeneHeiie
AaHHEe 0.6 0.6
MocTaHoeka
[REATSEID 0 25 50 75 100 0 25 50 75 100
z:fi::;“'e Howmep urepanuu Howmep urepauuu
MocTaHoska 1.0 1.0
Pesynsrarsl .
0o 0o BuiBog;:
3aksoyerne

TransARTM nokasbiBaeT
6M3Koe K MaKCUMasbHOMY
KayeCTBO BHE 3aBUCUMOCTH

_/( OT pPaspeXXeHHOCTH

25 50 75 100 0 25 50 75 100
Howmep urepanuu Howmep urepauuu MaTpuybl O.

TouHoCTh
(=] (=] (=]
S I
TouHOCTH
(=] (=] (=]
> 4 » X

S
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The Million Playlist Dataset (MPD)

TpeKy, anbboMy, NCNONHUTENb] Uenb:
ﬂﬂeVIﬂVICTl TpeK2, a.ﬂb6OM2, I/ICHOJ'IHVITeJ'IbQ |_|OCTpOI/ITb
MPD . peKoMeHOATENbHYIO
NAennncTy cuctemy
TPEKOB
NAERINCT1 000 000 noNb30BaTeNSM
MPD Train Test Valid
Yucno nneiinucros: 1000 000 100 000 1000 1000
Yucno Tpekos: 66 346 428 9875 306 232613 232808
Yucno yHUKanbHbIX TPEKOB: 2262292 296 882 39 368 38 641
Yucno yHukanbHbIx anbbomos: 734 684 140983 20 690 20483
Yucno yHuKanbHbIX apTUCTOB: 295 860 69 280 10081 10008

Ccbinka Ha AaHHbIE!
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DKCNepUMEHT
uenm JKCNepumMeHTa:

TI_VQ”SAR::M 1 Mpumennts TransARTM Kk 3agade nocTpoeHnsi pekoMeHaaLnii.

wneprpa

Mz aiaeest 2 [poaHann3mpoBaTb pasfivyHblE TMNOTE3bI NOPOXKAEHUS MJelinmncra.

PR 3 CpaBHWTb pe3ynbTaThl C APYrUMU MOAENSIMU.
DKcnepumeHT

MopeneHsie

. NocTaHoBKka aKcnepuMeHTa:

p'::iy::::“' 1 [ns HaxoXOeHWst MapamMeTpoOB MOAENEN NCNoJib3yeM 0by4YatoLyto BbIGOPKY, COCTOSILLYIO 13
O 100000 nneiinncros, Kaxablii U3 kKoTopbix cogepxut ot 140 po 250 Tpekos.

MocTaHoska

PRSI 2 Hactpansaem koacbpnumneHTsl perynspusanum no CeTKe Ha BaingaunoHHON BbibopkKe.

3aksoyerne

3 [lpenckasbiBaem paHXnpoBaHHbIA cnncok n3 500 TpekoB ANsi KaXXA0ro NAelinncra TeCTOBOW
BbIGOPKM (nocnep,Hme 70 KaxxJoro nAenncTa UCNObL3YIOTCS OISt OLLEHKM Ka‘-IeCTBa).

4 lcnonb3yem cnegytouime METPUKUN A5 OLEHKUN Ka4ecTBa:

® precision;

e recall;

e fscore;

e ndcg — normalized discounted cumulative gain.

13/15
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Results
Paccmartpusaemsbie Metpuku, @500 Tem: 500
Mogensb - ..
B3aumogeiicteus  precision  recall fscore ndcg
TopTracks - 0.0230 0.1646 0.0404 0.1152
PLSA (PI, Tr) 0.0592 0.4228 0.1038 0.3025
LDA (PI, Tr) 0.0583 0.4162 0.1022 0.2988
(P, A), (P, Tr)  0.0504 04245 0.1043 0.3029
MultiARTM ((EIL ::)), ((;’Il. :lr)) 0.0608 0.4343 0.1067 0.3110
' PI' T ' ' 0.0605 0.4321 0.1061 0.3098
(P(I Al ?’ ) 0.0490 0.3497 0.0859 0.2484 Brison;
Al Tr . . . .

(PI, Ar, Tr) 00504 03603 00885 02555 'ansARTM

NnoKa3sblBaeT
TransARTM (PL, Al Tr), 0.0502  0.3587 0.0879 0.2548

(PI, Ar, Tr) CpaBHUMble

(Pl Ar Al Tr) 00476 03398 0835  0.2374  pesynurare.
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PesynbTaThl

TransARTM 1 MpegnoxeHo obobLieHne METOLOB TEMAaTUHECKOrO MOAENMPOBAHMS HA CryHai,
Funeprpad

Nocranonxa KOTAa NCXOAHbIE JaHHble NMPefCTaBMMbl B Buge runeprpada.

sapadn

farepu 2 [NpoBepeHbl 3KCNEPUMEHTBI Ha MOAENbHbLIX AaHHbIX, AEMOHCTPUpYOLLne
DKcnepumeHT

Mogenurre KOPPEKTHOCTb MPEASIOKEHHOrO METOAA M NPENMYLLECTBO €ro NCNOoJb30BaHMNSA
patie

Mocraroska 0N CNOXKHOCTPYKTYPUPOBAHHBIX AAHHbIX.

PesyneraTs

e 3 lNpogemoHCTpUpoBaHO NpuMeHeHne runeprpadoBoii MHOFOMOLANbHOM
MocTaHoeka - -

Pesynurare: TEMaTUYECKOW MOAENN A5 MOCTPOEHNS PEKOMEHATENLHON CUCTEMBI.

3akntoyeHne
Hoknagbi:
1 MexpgyHapogHas Hay4Hasi koHdepeHuns «JlomoHocos-2018,
«MHoromMmogasbHble TEMaTUYeCKMe Mogenn Ha runeprpadaxy.
2 Data Fest®, «uneprpacosbie TemaTuueckne Moaenu Ans aHanu3a
TPaH3aKLMOHHBIX JaHHBIXY.

15/15
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Fast online EM-algorithm for TransARTM

TransAR;M Input: collection |J Dy split into batches Dy, b=1,...,B;
vneprpa kekK
%‘Lff:"“a Output: g forall ve V t € T k € K;
nropuTm
DKcnepumeHT IR
o 1: initialize o forall ve V,t € T,k € K;
Monernue v
o 2: Ny =0, n :=0forallve V,te T, keK,
e 3: for all batches Dy, b=1,..., B do
A 4 iterate each document d € D, at a constant matrix ®:
e —— (Auek) := (Fuek) + (Dp, D);
LTI 5: if synchronize then
6: Nuek = Nuek + N forall ve V,te T,k e K;
7: Pvtk = NOTM | Nyere + cpvtkaaR> forallve V,, me M,
VEV, Ptk
teT,keK,
8: N =0forallve V,te T,keK,

15/15
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Fast online EM-algorithm for TransARTM

iterates d € Dj, at a constant ©.

TransARTM

Frememreed Input: set of vertices-containers Dy, matrix ®;
g Output: matrix (A );
Anroputm
e} ~
Jiﬂfffli” 1. nyw:=0forallve V,te T, ke K;
Mecranosxa 2: for all d € D, do
L 3: initialize 0y := ﬁ forall t € T;
Mocranosxa 4:  repeat
PesyneraTs!
P 5: Ptax = norm <0td I ex gavtk> forall x e di,t € T,k € K;

6: Mg = D Y. TkNaxPrax forall t € T;
kEK xEdy
7: O1g = norm(ntd + thaagR) forall te T;
teT ed
8: until 0,4 converges;
0: Rvek = Nyek + erdk[v € X]| TiNaxPrax forall ve Vit e T

keK;

15/15
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Model data
Trfa”SAR;M Probabilistic process of data generation using considered model:
e
MocTaHoeka
s Input: K, distributions p(t|d), pk(v|t), for all k € K;
Swenepument Output: edges of the hypergraph (transactions);
MopgeneHeie
focene 1: for all k € K do > K is the set of edge types
Peanuiuie 2 define Dy; > Dy is the set of vertices-containers
I ) 3 for all d € Dy do
3amymeme 4 define the number of hyperedges — ny;
5: foralli=1,... ny do
6: d; = d,
7 choose random topic t; from p(t| d;);
8 for all j=2,...,h(k) do > h(k)=le|, e € Ex
9 choose random object v; from py(vlt;),v € Vip,;

15/15
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The Million Playlist Dataset (MPD)
The dataset contains 1 000 000 playlists:

TransARTM

pid — playlist id;

Mvneprpad .

Moerarans name — the name of the playlist;

i\a::p:m description — the description given to the playlist;

modified at — timestamp when this playlist was last updated;

DKcnepuMeHT - . .

R num _ artists — the total number of unique artists;

AaHHble num__albums — the number of unique albums;

E::Ta"“"a num tracks — the number of tracks in the playlist;

yneTaTe: — ) .

Peansheie num followers — the number of followers this playlist;

AaHHbIe — - o A

Mocranoska num _edits — the number of separate editing sessions;
PesyneTatel duration _ms — the total duration of all the tracks in the playlist;
3akntouenne collaborative — if true, the playlist is a collaborative playlist;

tracks — an array of information about each track in the playlist:

track__name — the name of the track;

track _uri — the Spotify URI of the track;
album_name — the name of the track’s album;

album__uri — the Spotify URI of the album;
artist_name — the name of the track’s primary artist;

artist _uri — the Spotify URI of track’s primary artist;
duration_ms — the duration of the track in milliseconds;

pos — the position of the track in the playlist (zero-based).

15/15 The dataset is available at



TransARTM

TransARTM

Muneprpach
Mocranoeka
3apaun

Anroputm

DKcnepuMeHT
MogensHeie
AaHHBIE

MocTaHoeka
PesynsTaTs

PeansHele
AaHHBIE

Mocranoska
PesyneTate

3aksoyerne

15/15

Notations
Each vertex v € V has modality m= p(v) € M:

V= |_| Vm, where Vi, ={v € V: u(v) = m}.
meM

Each edge e € E has the transaction type k = x(e) € K:

E= |_| Ey, where Ex = {e € E: »x(e) = k}.
keK
All edges of type k have the same:
1 degree h= h(k) = |e|, where e ={v1,...,vp};
2 set of vertices’ modalities: pi(v;) =my;, j=1,...,h.



TransARTM

Notations
Edge's type k corresponds to the discrete probability space:
TransARTM
reserred Q= Vin %o X Vi, x T
Anroputm
Seenemmens. With a probability function py: Q4 — [0, 1].
MopgeneHeie
Mocranosca
Pesynsrarsl A . A i
iiiﬂy:.":'e Each vertex v is associated with latent topics:
MocTaHoska
PesynutaTsi
Saxcnouenne Pi(v, t) = pi(v | £)pi(t) = pi(t | v)pi(v).

Probability distribution normalized within each modality:

doa=1 D (vt =1

veVn veVpy

15/15
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Assumptions

TransARTM 1 For each type of edges k first modality myy is a container.

-

Anropura Dy is the set of all vertices-containers of type k edges.

9“26“69”"”8” dy is the set of edges x: (d, x) € Ex, where d € Dy.

MocTaHoeka

e 2 The distribution of the topics in vertex-container d are not depends on the
Mocranosxa edge type:

Feeen pk(t|d) =p(t|d) forall d € Dy.

3aksoyerne

3 The hypothesis of conditional independence of vertices:

p(x|t,d) = pe(x|t) =[] p(v | 1)

vEX

15/15
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Hypergraphic Topic Model

The mathematical model is the following:

Pr(d, x) = pi(x | d) px(d) d) > pe(x|t) pu(t] d)=
teT
=pu(d) D p(t|d) [T (v ]t) = pil(d) D Oea [ ] ve-
teT vex teT vex

Model's parameters:

1 Conditional probability of vertices in topics: ok = pr(v | t);
2 Conditional probability of topics in the containers 6, = p(t | d);
3 The probability p«(d) estimated from observed data:

Z Ndx

d’ €Dy xed]
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Hypergraphic Topic Model (TransARTM)

TransARTM

[uncprpach The considered hypergraphic topic model is defined by:

MocTaHoeka
3agaun

The set of topics T;
The probability space Qx with the distribution px for all k € K;

LA 1 The oriented hypergraph G = (V, E);
3,;:::1&” 2 The set of modalities M;
Mecranosxa 3 The decomposition of the vertices set into subsets of different modalities u: V — M;
pEEzyg.;:m 4 The set of edge types K;
AE::;::::T": 5 The decomposition of the edges set into subsets of different edges type »: E — K;
SakntoueHme 6 Degree of h(k) and set of modalities my1, ..., M of type k edges;

7

8

9

The model parameters @i = pr(v | t) and 0.0 = p(t | d).
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Theoretical justification

Theorem 1. If the function R(®, ©) is continuously differentiable and (®, ©) is the

T ARTM . . .
S local maximum of the considered problem, then the system of equations for the
S model’s parameters s, 0:q and auxiliary variables psay, Ny and nyg holds.

Anroputm

Srencpavent | et's use Karush—Kuhn—Tucker conditions and write the Lagrangian of the

MogeneHeie

. optimization problem:

MocTanoska
Pesynerarel

ZEEEEE::@ g((b, @) = Z Tk Z Z Ndx In Z etd H Pvtk + R(q)v @) -

AT DAL kEK  deDy xedy teT  vex

S Y S e ( S 1) ST S S Mt —

keK meMteT vEVm keK meMveVy teT

_Z Z Md(Zetd_l) —Z Z ZMtthd-

keK deDy teT keK deD, teT
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Theoretical justification
Equate to zero the derivatives of a Lagrangian for the model parameters:

TransARTM td HUEX\V Putk aR
Funeprpacs = [v € x] Tkng + = Aku(v)t — Ak ¢ =0;
R R e e
DKcnepuMeHT 89? HVEX (pvtk aR
Mlepprrare = Tk Ndx + — ftd — Htd = 0.
Tt O kze'; ; pildx) O
25?.2‘:.1‘“ Multiply left and right sides of the first equality by ¢, the left and right side of
Pesynurare: the second equality by 6:4:
3aksoyerne
Ota [1,ex Putk OR
deDy xedy Pk\a, Pvtk

ptdx_p(t|dx)
0 v R
SN rina td H‘ﬁx(g * +9td§9 = pabtd-
keK xedy X td

15/15 Prax=p(t | d,x)




TransARTM
Theoretical justification

Rewrite these equations in the variables n,y and n:y:

TransARTM _ OR

Funeprpacs (Pvtk)‘ku(v)t = Nytk + Ptk Dover (1)
Mocranoska

3agaun _ OR .

Al:opm'rm etdﬂd = N4 + etd 90,q" (2)

BM;ef”“”eT If we assume that Ag,: < 0, then the regularity condition does not hold, and in this
. case, according to the agreement, ¢, = 0 for each v € V. If the dual

Peanemuie variable A is positive, then both side of the equation (1) is non-negative.
Tecnens  Combining these two cases into one formula, we obtain:

PesyneTaTel

OR
3aksoyerne —
(pvtk)\ku(v)t = max{nvtk + Putk Do’ 0}

MocTanoska
Pesynerarel

Analogically, if ug < 0, then the regularity condition does not hold, and according to
the agreement, 0,y =0 for all t € T. If ug > 0, then both side of the equation (2)
is non-negative. Combining these two cases into one formula, we obtain:

Otapig = max{nyg + 9td§7’i, 0}.
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TransARTM
Muneprpach

MocTaHoeka
3agaun

Anropntm

DKcnepuMeHT
MogensHeie
AaHHBIE

MocTaHoeka
Pesynerarsi

PeansHele
AaHHBIE

MocTaHoeka

PesynetaTtel

3aksoyerne
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Theoretical justification

Sum the left and right side of the equation (3) by v € V,,,, the left and right side of

the equation (4) by t € T, and apply normalization conditions and express the dual
variables:

Hd = Z max{ntd + 9td§T§j, 0}?

teT
= _OR_
)\kmt - Z max{nvtk + Pk O0uek’ O}
veVpy

Substituting the obtained expressions of dual variables in (3) and (4), we get
desired equations for E and M step. The theorem is proved. B
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