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Abstract

* In practice, the critical step in build machine learning models of big data (BD)
involves costly in terms of time and computing resources procedure of parameter
tuning with grid search.

*  We have shown that topic modeling (a clustering method for large document
collections) demonstrates self-similar behavior under the condition of a varying
number of clusters. Such behavior allows using a renormalization technique.

* A combination of renormalization procedure with Rényi entropy approach allows
for fast searching of the optimal number of clusters.

* In this work, the renormalization procedure is developed for the Latent Dirichlet
Allocation (LDA) model with variational Expectation-Maximization algorithm.

* The numerical experiments were conducted on two document collections with a
known number of clusters in two languages.

» This work presents results for three versions of the renormalization procedure: (1)
a renormalization with the random merging of clusters, (2) a renormalization
based on minimal values of Kullback-Leibler divergence and (3) a renormalization
with merging clusters with minimal values of Rényi entropy.

*  Our work shows that the renormalization procedure allows finding the optimal
number of topics 26 times faster than grid search without significant loss of
quality.
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Topic modeling

Topic modeling is based on the assumption that a document collection has a
finite set of word distributions. Each such word distribution could be called a
‘topic’ or a thematical cluster. The probability of encountering a word w in a
given document d is expressed as follows:

pld) = ) pWIOPEd) = > duebea,
t t

where ¢ is a topic, ¢,,; constitute matrix @ (the distribution of words by
topics), and 6,4 form matrix © (the distribution of documents by topics).

We consider the Blei model [Blei, D.M.; Ng, A.Y.; Jordan, M.L.; 2003] of Latent
Dirichlet Allocation with variational Expectation-Maximization algorithm,
where the distribution of topics by documents is assumed to be Dirichlet
distribution with T-dimensional parameter « (T is the number of topics).
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An example of matrix @ (the distribution of words by
topics)

% Words with high probability

L= et = I TR e

I P [ [
Eo TN R e =1 ¥=]

rafrafrararafeg | =) =) —|—=|—
Ll O TR el =0 = ey N Ry ]

tuarks 2l
armeriar: 0010977

armeniang: 0003735

were: (008166
their: 0,008119
armenia; 0,006552
people: 0006433
turkey: 0,005936
turk.s: 0005750
cramer: 0005558
mer: 0005735
article: 0,004264
genocide; 0004252
pe 00047

had: 0,004147
been: 00047147
who: 0,004147
soviet 0.004055
history: 0003962
universitg: 0003304
gay: 0003787
new: 0003648
greek: 0003555
zerdar: 0,003485
argic: 0003474

2 3 4 5 B 7 8 g ~
izrael 0014142 space: 0,020407 windows: 0,014858 please: 0,015528 god: 0,020857 file: 0,016943 which: 0007808 car. 0,018218
jews: 0,009726 naza: 00171303 dog 0011373 mai: 0015515 hig: 0,0710509 image: 0.0171841 their: 0007553 article: 00030
israeli: 0,008491 gov: 0,006948 drive: 0009181 me: 0014473 who: 0.009743 files: 0,010038 govermment: 0006550 cars: 0,008591
who: 0,007504 earth: 0006274 card: 0008330 e 0011283 jesus: 0,009331 jpeq: 0008302 rmay: 0005726 ary: 0004335
article: 0,007333 henry: 0005341 mac: 0,007855 ca: 0010973 bible: 0006158 windows: 0008260 atker: 0005012 enging: 0,004
jewish; 0006435 launch: 0,004740 apple; 000703 thanks: 0,010650 church: 0005834 color; 0.007459 people; 0004335 out; 0004361
were: 0005350 orbit: 0004233 syztern: 0.006304 ary: 0.003063 chizt: 0,005742 gif: 0.007035 states: 0004573 new: 000421
arab: 0005838 shuttle: 0,004232 uze: 0,005862 arm: 0007969 chiistian: 0005668 bit: 0,006634 such: 0,004483 get: 0003651

their: 0,005445
war: 0,005075
peace: 0,004540
its: 0,003332
people; 0003379
muslims: 0003747
which: 0003634
arabs: 0,003613
only: 0,003521
any: 0003377
them: 0003202
zandvilk; 0,003119
policy: 0,003115
world: 0002365
state: 0002955
when: 0,002800
his: 0,002780

oo 0004221
mizzion: 0003873
zolar 0003236
toronto: 0003226
which: 0003215
pat: 0003135

its: 0003081

algor 0,002050
more: 0,002967
zatellite: 0002925
system: 0,002842
into: 0002750
sk 0002755

spacecraft; 0,002728

new: 0002676
first: 0002666
high: 0002533

problemn:; 0005720
zoa: 0005654
does: 0005479
pc: 0,005387

arg: 0005373
disk: 0,005120
video: 0,005003
memary: 0004323
software: 0004403
uzing: 0,004361
get: 0004236
manitor: 0,0047161
mouze: 0,003803
work: 0003769
which: 0003753
driver; 0003753
when: 0,003744

anyone: 0007684
email 0007125
university: 0,006294
krow: 0,005493
send: 0.005413
addressz: 0005226
interested: 0,005133
list: 0,005177

zale: 0004351

faw: 0004643
internet: 0004513
d: 0,004407

net 0004245

new: 0004221

apr: 0,004135

info: 0,003861
mark: 0003861

5th International Electronic Conference
on Entropy and Its Applications

18-30 November 2019; Chaired by Prof. Geert Verdobllaege

which: 0,005723
hirm: 0,0045321
chiistiang: 0004433
uz 0004302

our; 0,004241
their: 0,004032
paul: 0003959
=it 0,002940
weere: 0003757
lord: 0,003738
mar; 0003511
lovve: 0003511
peaple: 0,003481
only: 0,003462
alzo 0,003285
faith: 0,003217
believe: 0,003187

program: 0,005392
format: 0005868
some: 0005762
images: 0,005762
uzer 0005603
any: 0005480
wersion: 0,0044713
than: 0,004172
dor: 0,003724

get: 0003724
which: 0,003583
quality: 0,003536
does 0003477
graphics; 0,003234
alzo: 0003335
dizplay: 0,003229
zoftwane: 0003182

its: 0004243

nieww: 0.004154
state: 0,004147
these: 0,00:3333
alsor 0,003797
niational: 0,003735
been: 0003563
our; 0,003351
public: 0003330
were: 0,003296
year: 0003241
right: 0003186
united: 0003172
amernican; 0003172
well: 0003110
more: 0,003021
bwo: 0003007

algo: 0O0362E
speed: 0,003
oil. 0003528
whern: 0,0034:
had: 0.00341E
just: 0,003327
up: 0003232
ford: 0003215
tharn: 000317
good: 000311
drive: 000310
like: 0,002951
dealer: 00028
price; 000271
veny: 000271
much: 0,0026:
frant: 000265
>

7
Sponsored by: m\D\Py M entro Py
{



An example of matrix © (the distribution of documents
by topics)

% Documents with high probability =

1 g 4 5 3 7 2 g 10 11 6
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Renyi entropy approach

The entropy approach to topic modeling (TM) tuning is based on computing Rényi
entropy for each topic solution while varying the number of topics and
hyperparameters [Koltcov, S.; 2018], [Koltsov S.; Ignatenko V.; Koltsova O;2019].
For TM, the Rényi entropy is expressed as follows:

In(Z,) _ qin(q P) + ¢ In(p)
q—1 q—1
where g=1/T, T is the number of clusters or topics, p = % is the density-of-states

SE =

function, W is the number of unique words in the dataset, N is the number of
words with high probability (i.e. with ¢,,;>1/W),

P = %Zwt b, Il{ P }is the sum of probabilities of all words with high probability,
wtw

ﬂ{x_y} =1lifx > y and ﬂ{x_y} =0if x < y.

It has been showed that the minimum point of Rényi entropy corresponds to the

number of topics identified by human coders [Koltcov, S.; 2018]. Hence, the search

for the S§ minimum could substitute at least partly manual labor of marking up
document collections, substantially simplifying TM tuning on uncoded datasets.
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Renormalization

The algorithm of renormalization consists of the following steps:

1. We choose a pair of topics for merging according to one of the three
possible criteria (they will be discussed further). Let us denote the chosen
topics by tyand t,.

2. We merge the chosen topics. The word distribution of a ‘"new’ topic
resulted from merging of t;and ¢, is stored in column ¢.; of matrix ®:

dwe, = Pwe, eXp(‘/J(“tﬂ) + dwe, eXP(l/)(atz)),
where 1 is a digamma function. Then, we normalize the obtained
column ¢.., so that ).t ¢, = 1 and recalculate a;, = a;, + a,. Then, we
delete column ¢.;, from matrix ® and element a;, from vector a. Further,

vector « is normalized so that ), a; = 1. We have T-1 topics at the end of
this step.

3. Since a new topic solution (matrix @) is formed in the previous step, we
recalculate the global Rényi entropy for this solution.
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Renormalization
Criteria of merging;:

1. Merging of similar topics, where the similarity is estimated with
symmetric Kullback-Leibler (Jensen-Shannon) divergence, and the topic
pair is chosen based on the minimal value computed pairwisely.

2. Merging based on the minimum of Rényi entropy, where the topics with
local minima values are summed together. Here local Rényi entropy is
computed for a single topic.

3. Merging randomly selected columns.
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Datasets

* Dataset in Russian (Lenta.ru). This dataset contains news articles in the
Russian language where each news item was manually assigned to one of
ten topic classes by the dataset provider
[https://www.kaggle.com/yutkin/corpus-of-russian-news-articles-from-
lenta]. However, as some of these topics could be considered folded or
correlated, this dataset could be represented by 7--10 topics. We considered
a class-balanced subset of this dataset, which consisted of 8,624 news texts
(containing 23,297 unique words).

« Dataset in English (20 Newsgroups dataset
[http://qwone.com/~jason/20Newsgroups/]). This well-known dataset
contains articles assigned by users to one of 20 newsgroups. Since some of
these topics can be unified, this document collection can be represented by
14-20 topics [Basu, S.; Davidson, I.; Wagstatf, K. , 2008]. The dataset is
composed of 15,404 documents with 50,948 unique words.
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Numerical experiments

Results for the dataset in Russian.
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Fig. 1. Rényi entropy curves. Black:
successive topic modeling. Other
colors: renormalization with the
random merging of topics.
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Numerical experiments

Results for the dataset in Russian.
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Numerical experiments

Results for the dataset in English.
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Numerical experiments

Results for the dataset in English.
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Computational speed

Dataset Successive | Renormalization | Renormalization | Renormalization
™ (random) (minimum (minimum
Simulation Rényi entropy) | Kullback-Leibler

divergence)

Russian 780 min 1 min 1 min 4 min

dataset

English 1320 min 3 min 3 min 10 min

dataset

The first column corresponds to successive runs of topic modeling for T= [2, 100] in
the increments of one topic. Calculation of a single topic solution on 100 topics

takes 26 min for the dataset in Russian and 40 min for the dataset in English. One
can see that renormalization provides significant gain in time that is essential when
dealing with big data.
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Results and Discussion

* We demonstrated that renormalization based on merging of topics with
minimum local Rényi entropy provides the best result in terms of accuracy
and computational speed simultaneously. It was shown that for this type of
renormalization, the global minimum point of Rényi entropy is almost
equal (with an accuracy of +1 topic) to the minimum point of Rényi entropy
calculated according to successive topic modeling.

* Renormalization with the merging of random topics also leads to
satisfactory results; however, it requires multiple runs and subsequent
averaging over all runs.

* Renormalization based on minimum Kullback-Leibler divergence does not
allow us to determine the optimal number of topics since there is no
definite minimum of Rényi entropy.
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Results and Discussion

* Let us note that renormalization is applicable to datasets in different
languages and with a different number of topics in the collections.

« Application of renormalization allows us to speed up the searching of the
optimal number of topics, at least in 26 times.

* The proposed renormalization approach could be adapted for other topic
models including models with a sampling procedure of inference.

* Furthermore, our renormalization approach can be adapted for
simultaneous estimation of the number of topics and fast tuning of other
hyper-parameters of topic models, including regularization parameters.
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Supplementary Materials

Samples of topic solutions and the source code of three types of
renormalization are available online: https://www.sendspace.com/file/7pzm3j
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