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Problem statement

Develop an aggregation method for large collection of documents
from heterogeneous sources.

© Create a hierarchical topic model of popular scientific texts,
collected from heterogeneous sources.

@ Propose an automated way to evaluate quality of topical
hierarchy of a given model.

© Implement an exploratory search engine to demonstrate the
proposed algorithm.

Additive regularization of topic models (ARTM).
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o PostNauka: 2976 documents, 43196 words, 1799 tags

e Habrahabr: 81076 documents, 588400 words (35640 are
common with PostNauka), 77102 tags (673 are common with
PostNauka)

Heterogeneity of sources

@ The size of Habrahabr (# of documents, words and tags) is
much larger than of PostNauka.

@ Topical structure of collections differ a lot: PostNauka contains
more different topics.
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Problem relevance

State of the art

@ Topic models are successfully applied for visualization of
scientific corpora.

@ Hierarchical TM provide additional tools for visualizing larger
heterogeneous collections and are more suited for creating
exploratory search systems (iris.ai, paperscape.org).

Challenges

@ There is no common evaluation measure for hierarchical
topic models.

@ Existing methods for building topic models do not consider
heterogeneity of sources.
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https://iris.ai/
http://paperscape.org/

The long-term research goal

We want to build a topical exploratory search engine for
popular scientific first, and then for scientific articles.

This system should have the following properties:

e A convenient hierarchical “knowledge map” can be built
with little or no human supervision.

e Each new source can extend the map both “in breadth”
and “in depth”.

e The search can be performed by using text queries or
documents (abstracts, essays, or articles).

e Search results should be displayed as a set of “regions” on
the map.
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esults: Russian knowledge map
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Humanitarian topics consist mostly of PostNauka documents, and
Habrahabr documents are added into technical topics. First level
topics are mainly influenced by PostNauka.
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Current results: symbiosis of different sources

Below are subtopics of a topic psychology, internet, and intellection.

NamATb,
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[ )(

A subtopic psychology, internet, and social networks is created
after the proposed algorithm is applied to the base PostNauka
model and contains a large amount of Habrahabr documents.
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Presentation plan

© Literature review
© Quality of topical edges
© Construction of heterogeneous models

@ Demonstration of exploratory search engine
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Probabilistic topic modeling

Given: W — dictionary of tokens w
D — collection of documents d = {wy, ..., wp, }
Matrix F = {ndW}WXp
ngw — amount of times w occurred in d
T — a set of topics

Find: Matrices ® = {¢wt}wxT, © = {0ta} T7xD
dwt = p(w|t) — probability of token w in topic t
0:4 = p(t|d) — probability of topic t in document d

From Bayes' formula p(w|d) = >  ¢wtOiq
teT

This is a matrix factorization problem F = ¢0O!
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Probabilistic topic modeling

@ This problem has infinitely many solutions of kind
PO = ($S)(S71O) = ¢'©’, where S is a matrix of rank | T|
@ We can introduce regularization of ® and ©
PLSA:  R($,0) =
LDA:  R($,0) =3 BuIndue + 3 e In by
t,w d,t

ARTM: R(®,0) = 3" 7R/(®,0)
i=1

ARTM optimization task

Z Z ndWIanSthtd—FZT, (¢,0) — maG;(

deD weW teT

Wt gue >0, 0ig >0, > due=1, Y g =1

weWw teT
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Hierarchical ARTM

Given: &/, ©' — parameters of /—th hierarchy level
A — a set of topics of /—th level

Matrix factorization problem:
¢! = oYL where

O = {p(w|t)}wxT, W = {p(t|a)} Txa

Hierarchical ARTM regularizer

R(®, V) Z Z Nwa IN Z OwtWra — max

acAweW teT

NB: Applying this regularizer is equivalent to adding |A|
pseudodocuments into the collection. Columns of W form |A]
additional columns in ©.
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Quality of flat topic models

Quality evaluation for a topic t in a flat model

Quality(t) = = Z Z f(w

i=1 j=1

f(w,(t), wj(t)) is a cooccurrence measure of top tokens w; € t and w; € t.

Different versions of f(w;, w;) are presented in the literature:
. p(wi,w;)
Newman et al, 2010: In p(w)p(w,)
Mimno et al, 2011: In %
X:dtﬁdf(w,,d)tﬁdf(wj7 )+e
S~ thdf(w;,d)

Nikolenko et al, 2016: (v, vu;)

Nikolenko et al, 2015:
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Presentation plan

@ Literature review
@ Quality of topical edges
© Construction of heterogeneous models

@ Demonstration of exploratory search engine
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Quality of hierarchical topic models

Quality evaluation for a topic t in a flat model

o LN () (D)
Quahty(t)—pzzf(wi W),

i=1 j=1

f(w,(t), Wj(t)) is a cooccurrence measure of top tokens w; € t and w; € t.

There is no standard quality measure for hierarchical models.
We propose quality measures for topical edges and ways to
aggregate them in a hierarchical model.

Quality evaluation for an edge (a, t) in a hierarchical model

- N PO
Quality,.(a, t) = ﬁzzf(wi W),

i=1 j=1

f(w.(a) Wj(t)) is a cooccurrence measure of top tokens w; € a and w; € t.
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Proposed quality measures for an edge (a, t)

EmbedSim: 1 i fj(v(w,-(a)), v(w!D)),

2
n® i=1j=1 J
v(w) — vector representation of a token w.

1 n n d(Wi(a),W-(t))+8
CoocSim: — >, > In Jt
n*i=1j=1 d(VVj( ))

d(w;, w;) — coccurrence of tokens w; and w;.

HellingerSim: 1— \2II\/P(W!3) — /p(wlt)]2
KLSim: —Dyi(p(wl|a)|p(w|t))
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Experimentation plan

@ Assessment evaluation

@ Validation of proposed measures
© Baseline algorithm

@ Proposed algorithm

© Comparison of algorithms
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Assessment evaluation

We have collected assessment evaluation using the following

scheme:
Data preparation |  Answers collection Processing : Results
Postnauka Yandex Toloka assessors i Three agreement levels: 3,
model : : 4 or 5 agreed assessors
i i « 1350 evaluated
Joined set of H H topical pairs
"topic-subtopic" ——> Assessment —> Aggregation — > « 68assessors
pairs ! H ' « 5 evaluations for
H T H T H each pair

Habrahabr J ! | Question:"lsonetopica | : | Question: "Are the topics | !
H related?" H

model H subtopic of another one?"

We have obtained the set of edges (pairs of topics from neighboring
levels), labeled as “good” (four or more assessors think that a pair
of topics is connected) or “bad” (otherwise).
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Validation of proposed measures

On the figures below are probability distributions of “good” and
“bad” edges for the proposed measures.

EmbedSim 06 CoocSim
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0.0 0.0
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2
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-175 -15.0 -125 -100 -75 -50 -25 0.0

Best separation of “good” and “bad” edges is achieved with
EmbedSim measure (AUC=0.878), it will be used henceforth.
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Interpretability of EmbedSim measure

Several examples of topical pairs, which were labeled by assessors
as “good” and “bad"”, and the corresponding values of EmbedSim.

1.0
. «  bad
(0.90) 4acTuLa KBAHTOBbLIN NoJie PU3NKa SHePrus o good
081 LHEeNTPMHO CBET NoJjie MexaHnka KBaHTOBbIN
(0.74) cTpaHa rocynapcTBO KUTal poCCUMSA NOJINTUYECKNI
L poccus HauUsa NAEHTUYHOCTb OBLLEeCTBO IHEpPrus
0.6 (0.59) kneTka reH gHk 6enok 3abonesaHue
Lagosiouns buonorns nenpeccus HeaHaepTaewl Wn3ohpeHns
(0.45) coumnanbHbIf coumnonorna cobbiTne o6bLEKT OTHOLIEHVE
0.4 1 L MeagvUMHa reH oHKoslorua Buonorua reHeTuka
(0.30) KynbTypa pusbM nMTEpaTypa KMHO UCKYCCTBO
021 LBuonorua asonoUNSA HeaHAepTaseL Aenpeccus aTHorpadus
(0.15) koponb TpaanLuna Mud LEPKOBb BNACTb
LMoaenb MaTeMaTUYeCKMIA YACI0 KOJIMYECTBO AaHHble
0.0

“Good" are pairs for which four or more assessors agreed that there
is a connection between topics.
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Presentation plan

@ Literature review
© Quality of topical edges
© Construction of heterogeneous models

@ Demonstration of exploratory search engine
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Baseline algorithm (concat)

As a baseline algorithm we consider construction of a
topic model on a concatenated collection.

Challenges of the baseline algorithm

o Almost all first-level topics contain 90% documents from
Habrahabr.

o PostNauka-specific topics are not created.

e Model construction over large corpus takes a long time.

Baseline algorithm does not solve the stated problem!
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Proposed algorithm (heterogeneous)

¢ — base collection model p(w|a) matrix (in our case, PostNauka
model), D; — new collection to be added to the model (Habrahabr).

Filtration of D, is ranking of the new collection documents
according to their similarity to the base collection. The most similar
documents should be ranked first.
Fori=1, ..., N:
@ Add the documents that appeared to be on the top of the
ranking list to the base collection in a quantity not exceeding
10% of the base collection size.

@ Initialize a new p(w|a) matrix ®} of the first hierarchy level
with the ®! matrix from the previous step;

© Build a hierarchical model.
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Comparison of algorithms: averaging quality

Average edge quality measured with EmbedSim for the baseline

(concat) and the proposed (heterogeneous) algorithms over the

V(t|a) threshold value needed to include an edge to hierarchy.
EmbedSim

o
N
(¢}

o
8020 [ e m—m e -
n hnlnsiay N\
S ==\
< 0.15
= —-—— concat
0.10 —— heterogeneous
0.0 0.2 0.4 0.6 0.8 1.0

Threshold for matrix W
The proposed algorithm gives higher average quality values of the
hierarchy edges uniformly along the W threshold.
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Comparison of algorithms: ranking quality

Ranking quality of W values for the baseline (concat) and the
proposed algorithm (heterogeneous) if the correct ranking is given
by the EmbedSim measure.

AP @ K Inverse DP @ K
004 °
] 3
2] 2]
Q02 Q
@ e ---- concat ©0.25 ---- concat
= ,," —— heterogeneous = — heterogeneous
0.0 +~ 0.00
0 100 200 300 400 0 100 200 300 400
k, number of edges k, number of edges
nDCG @ K
0.6
o
S
3 0.4
.2
20.2 I{',,’" ---- concat
00 —— heterogeneous
0 100 200 300 400

k, number of edges
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Presentation plan

@ Literature review
© Quality of topical edges
© Construction of heterogeneous models

@ Demonstration of exploratory search engine
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Rysearch: map view

The main screen contains hierarchical knowledge map, built using
the proposed algorithm.

Rysearch  Kapraawanwit

3emns,

RAHorARI XPUCTMAHCTBO, nonuTnKa, KynbTypa,
papae 0 penvrva u rocyfapcTeo u JmTeparypa u
KuTai nonuTtonorua MaccoBan
cuctema KynbTypa
a3oBaHwe,
REETY MeguuvHa, NCUX0NOrvA, pOCCMH’ °6pHayKa PH :
TMHIBUCTVKA  oHkonoruA 1 Moar 1 cwau s
" 6vomeauumMHa  Hevipobuosnorva
chunonorva espona Haykn
chunococma, maTemaTuka,
acTpoHOMMA Texwonormu, PR, nonmTI 7
HaoTeXHONOTWA U aCTpomwswké TEXHONOMVA 1 {ifeprdais chunocodmA n cetnun
varepuanoseaeHe 11 BCEsIGHHAR o %paa 5 vcTopuA VCKYCCTBEHHBIN
chunocodun VHTeNNeKT

The user can investigate regions of interest, going deeper into the
map from topics to documents.

A.V. Belyy, ITMO University Heterogeneous hierarchical TM 26 /30



Rysearch: document search

Instead of scanning through the whole map, the user can narrow
down the region of interest by uploading a document.

Rysearch  Kapraswawwii ctdlab-news-page.txt

N KyneTypa,
nuTepatypa

¥ maccosan
xynerypa [y gunonorua

wemmunna,  weew  OOpPA30BAHME,

OHKONOrMA 1 veipoGwonoru
6romenvLmHa Hayka n
NCTO p na
H ayKM

p 0 C C M H ) 3KOHOMMKa,
clia u =

eB pO na R4 i =0,
2 nonuTU4eckan
e varewarva, ncTopuA, acTpoHomuA, )
HEMDOHHLIO CBT! N VICTOPMA poccun acTpodmanka n 4’%‘;‘ u :‘ (|
WHTENNeKT v cpent 0BbE FoamTree

Topics discussed in the document will be highlighted on the map.
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Rysearch: document view

The lower level on the knowledge map consists of documents.

Rysearch  Kapraswawwii  c6opkareHoma — KOMNbiOTePbI Af1si FeHOMMKM

KomnbioTepbi ansi reHomuku @

Cepreii Haymetko
reHeTVKa, GUONIOrWS, [eH, CEKBEHYPORANME, [eHOM, CYNIeRKOMNLIOTERE! [WeXoAHbIe]

3BOMIOUYS, MATMATUKA, AHK, MUAKDOBUONOTVS, KNeTKa [peKoMeHaYembie]

Mosewmy y Guonoros HoBiX THNaX KaKite 34 ohi BOMKHSI pewaTs? Kakoso nporpamuioe
obecnesenie [ u obpatorke seaywn & Mupe? O6 3Tom
HayuHbii 6 reHomik DBE MY umeru M.B.lomorocosa Cepreit Haymerko,

B 80-X roRax Gsin HaUaT MPOGKT «[ GHOM 4E/I0BEIA - PELIMNM NPOYMTATS FEHOM YEN0BEKa, U 3TO YAGNOCH CAGNATS YCHAMSMI ASCHTKOB.
~naGoparopuii o cewmy Mupy. O6OUOC 3TO AOBOALHO AOPOO, KOO 3 MG, AONNIANOS, U SBHANO OKONO 13 JIET ~ FeHOM Gbin ONYGAUKOBaH B
2003-2004 r0gax. To €CTh 4TOGHI FeHOM NPONWTTS, HYXHO younwii. Cei wawenmnace: c HoBiX

npu6opos 10 reHOMOB e/10BeKa 33 2 HEAe/M 1 33 AOBOMIBHO HASKYIO eHy. Ho
1P MIOCTPOEHU TaKOM CHCTEMBI HYKHO UMETS TEXHAYECKU NIPOPABOTaHHIA NPOKT. U Neper Tem Kak ero NOKYMATb, YCTaHABAMBATS, HYXHO
3aaTLCA BONPOCOM, KTO GYAET CO3AABATS STY APXUTEKTYPY KOMNLIOTEPa. OBSINHO 3TO NPOUCXORUT HEABHO NPW B3AUMOREHCTEMA 3aKAIKE,
YHeHbiX 1 Tex M10geit, KOTOpbIE NOCTABNSIOT OGOPYAOBaHHE.

{70 X@ AeNaIT 61HNONW, KOTA Y HUX IORBNAETCS GEKBEHATOP W UM HYXHO NIOGTPOUTS HOBBIA KOMNBIOTEP A OBPAGOTKM AaHHSIX? OHMA HAKOTAR.
PaHLLUE He BUAENY KOMNBIOTEPa GOMbLLE, Hew HOYTOYK, U NOSTOMY NIOCTPOHHE TAKOTO KOMNLIOTEPA BILIBAET GObLIOe JAMEWATENLCTEO. HTo

Renars B Taxoi CuTyaLuu? EcTecTeno, 06pauialoTcs Kk B obnacTn ora o6nacts ws8uTa & Poccun,
AOCTATONHO NOCMOTPETS Ha CaiT Ha KoTopom Oprako ace T
7R apyrux sagas, L A ypasHenwi, wauen

TUAPORMHAMAKN - 1 HO TIOXORAT AN OGPABOTKI TEHOMHLIX ABHHBIX

C nosanenmem
MIO/HOO FHOMa, & HO KAKWX-TO

e Ha yposwe

Navigation on this level becomes “horizontal” with the
recommendation block of most topically related documents.
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Conclusion

© We have proposed quality measures for hierarchical topic
models which are consistent with human understanding of
topical relatedness.

@ We have proposed the iterative algorithm for building
hierarchical TM over heterogeneous collections and have
shown its advantage over the baseline approach.

© We have implemented Rysearch system to demonstrate the
applicability of hierarchical TM for creating exploratory search
engines.

Implementation and experimentation code are available at:
https://github.com/AVBelyy/Rysearch
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