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Abstract. Knowing what concepts are substantial to each country can
be helpful in enhancing emotional communication between two countries.
As a concrete example of identifying substantial country concepts, we
focus on a task of finding latent country words from cross-cultural texts
of two countries. We do this by combining word embedding and tensor
decomposition: common words that appear in both countries’ texts are
selected; their country specific word embeddings are learned; a three-way
tensor consisting of word factor, word embedding factor, and country
factor are constructed; and CANDECOMP/PARAFAC decomposition
is performed on the three-way tensor while fixing the country factor
values of the decomposed result. We tested our method on a motivating
example of finding latent country words from J-pop lyrics from Japan
and K-pop lyrics from South Korea. We found that J-pop lyrics words
feature nature related motifs such as ‘petal’, ‘cloud’; ‘universe’, ‘star’,
and ‘sky’, whereas K-pop lyrics words highlight human body related
motifs such as ‘style’, ‘shirt’, ‘head’, ‘foot’, and ‘skin’.

Keywords: Cross-cultural text analysis + Tensor decomposition -
Word embedding

1 Introduction

Let us suppose that two countries’ representatives are trying to resolve a com-
mon issue through bilateral discussion, and the discussion is being recorded in
the form of meeting minutes. Later, based on the meeting minutes, we want
to identify a list of words that are used more substantially by each country’s
representatives. How can we do this?
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One way to find such latent country words is to build a three-way tensor
consisting of a list of common, frequent words used by the two countries’ repre-
sentatives in the first dimension (i.e., word factor), the word embedding values
of each country’s words in the second dimension (i.e., word embedding factor),
and the degree of country aspect in the third dimension (i.e., country factor).
Since the word embedding representation learns the hidden relationships between
words, country-wise speech texts can learn country specific relationship between
words. We then perform tensor decomposition on the country-wise word embed-
ding data, while adjusting the country factor values, to find substantial words
used by each country’s representatives.

Advances in three-way component analysis techniques have realized the sum-
marization of all information in a large three-way data set [1]. Three-way data
refer to data that can be arranged in a three-dimensional array, i.e., three-way
tensor. Recently, tensor factorization and decomposition has become an impor-
tant tool for data mining since they can explicitly take into account the multi-
way structure of the data that would otherwise be lost when analyzing the data
by matrix factorization approaches [2]. CANDECOMP (canonical decomposi-
tion)/PARAFAC (parallel factors) [3,4] decomposition (hereafter referred to as
CP decomposition) is a popular tensor decomposition method that decomposes
a tensor as a sum of rank-one tensors [5]. In this study, we apply CP decomposi-
tion on the aforementioned three-way tensor while deliberately fixing the country
factor values of the decomposed result in order to identify latent country words.

2 Discovering Latent Country Words

To describe our method concretely, we present a motivating example of find-
ing latent lyrics words from J-pop and K-pop lyrics texts. We aim to discover
latent country motifs from J-pop/K-pop lyrics by learning country specific word
embeddings and applying CP decomposition on the two countries’ lyrics word
embedding tensor. Figurel displays the overview of discovering latent J-pop
and K-pop lyrics words. The overall process includes lyrics data collection and
tokenization, J-pop/K-pop lyrics word mapping (i.e., language unification) and
filtering, country specific word embedding learning, and tensor decomposition.

2.1 Data Gathering and Tokenization

Ten years (2008-2017) worth of yearly top 100 ranking J-pop and K-pop hit
song lyrics were gathered as target data. For J-pop lyrics, a total of 1,142 lyrics
were crawled from a major Japanese music ranking portal, Oricon Chart, and two
lyrics search engines, Uta-Net and J-Lyric.net." For K-pop lyrics, a total of 1,000
lyrics were crawled from a major South Korean music ranking portal, Melon
Chart.? There were more J-pop lyrics than K-pop lyrics since the Oricon Chart
allowed multiple tied rankings. The two countries’ lyrics were then tokenized
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2. Tokenize lyrics words

1. Crawl J-pop & K-pop lyrics texts

www.melon.com
K-POP,

Korean

ko_0001: [‘AFZH:NNG’, ‘ZEVV, ..]
ko_0002: ['OF91:VA, ‘&:NNG, ..]

ko_1000: ['2FX0[:vV’, ‘Eh:NNG’, ...]
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3. Construct J-pop/K-pop lyrics word alignment dictionary

| lo-toon ilafi5, Wie 84, .1 | Unify language & filter J-pop & K-pop
i i lyrics words using dictionary index words
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S. Build All-Lyrics word embedding matrix & retrain J-pop/K-pop word embedding values
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6. Construct a three-way tensor _Y by stacking J-pop/All-Lyrics/K-pop word embedding matrices
& perform CP decomposition while fixing mode-3 vector values (i.e., c,, c,, c;)

Fig. 1. Overall process of discovering latent J-pop/K-pop lyrics words through word
embedding learning and CP decomposition.

using Japanese/Korean morphological analyzers. Nouns, verbs, and adjectives
were selected as the unit of analyses. Table 1 summarizes the statistics of the
gathered data. We see that the J-pop lyrics’ vocabulary size is more than twice
that of K-pop’s as evidenced by the total number of unique words.

Table 1. J-pop/K-pop lyrics data statistics.

Gathered years: 2008-2017 J-pop K-pop

Total number of lyrics 1,142 1,000

Avg. number of words per lyric | 110 7

Total words (total unique) 125,205 (13,086) | 77,092 (5,797)
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2.2 J-Pop/K-Pop Lyrics Word Mapping and Filtering

Once the nouns, verbs, and adjectives were obtained from the J-pop/K-pop
lyrics data, the similar meaning J-pop lyrics words were manually mapped to
K-pop lyrics words to build a J-pop/K-pop lyrics word alignment dictionary.
This dictionary was used later for unifying the J-pop/K-pop lyrics data into a
single language. Table 2 displays three sample entries of the J-pop/K-pop lyrics
word alignment dictionary. Approximate English translation is given as reference
in the first column. Note that the parts of speech were not distinguished in this
dictionary; rather, words with similar concepts were grouped using a ¢|” delimiter
to constitute a single dictionary word (e.g., “get_angry:verblanger:noun”).

Table 2. Sample entry of J-pop/K-pop lyrics word alignment dictionary.

English translation J-pop lyrics word K-pop lyrics word
heart:noun LBl 2 2 Al 2 2 v | rF2:NNG | THNNG
get_angry:verb|anger:noun| & % (@] | Y &gl - - SI:VV|EL:NNG|- - -
voice:noun = 24 2:NNG

The J-pop/K-pop lyrics word alignment dictionary was constructed as fol-
lows. Presented with a list of unique J-pop and K-pop lyrics words and frequency
counts, a bilingual Korean with more than ten years’ experience of living in Japan
first grouped the similar meaning words for each country, and then mapped the
grouped words across the two countries. Then, a professional Korean-Japanese
translator with twenty years of translation expertise reviewed and corrected the
alignment dictionary and further expanded the dictionary. The dictionary build-
ing process continued until a sizable dictionary was constructed. From this dic-
tionary, the dictionary words with both countries’ frequency counts that were
less than six were discarded. As a result, a J-pop/K-pop lyrics word alignment
dictionary with 579 J-pop/K-pop lyrics word mappings was constructed. Note
that when the delimiter was removed from the grouped dictionary words, the
number of atomic J-pop and K-pop lyrics words were 1,065 and 870 respectively.

Using this alignment dictionary, J-pop/K-pop lyrics texts were filtered to
contain only the grouped dictionary words. Then, the filtered K-pop lyrics words
were converted to J-pop lyrics words by referring to the dictionary mapping. As
a result, a list of filtered Japanese grouped dictionary words were obtained for
both the J-pop and K-pop lyrics data. For some lyrics, there were no matching
dictionary words, and hence, those lyrics were discarded. Consequently, a total
of 1,134 and 986 J-pop and K-pop lyrics data were used for constructing the
country specific word embeddings.

Table 3 summarizes the statistics of the filtered J-pop/K-pop lyrics word
data and the J-pop/K-pop lyrics word alignment dictionary. The overall dictio-
nary coverage was calculated by dividing the number of total filtered words by
the total number of words given in Table1l. Even with the limited number of
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dictionary atomic words, i.e., 1,065 and 870, which constitutes approximately
8% and 15% of unique J-pop and K-pop words respectively (these percentages
were calculated by dividing the number of dictionary atomic words by the total
unique words in Table 1), the filtered words covered a close to half (48.8%) and
three-quarters (74%) of the J-pop and K-pop lyrics data respectively. This indi-
cates that the alignment dictionary covers many of the frequently used words in
each country’s lyrics. Table4 lists the top-20 most frequently appearing dictio-
nary noun words in the filtered J-pop/K-pop data. English translation of each
word is also given. Although we have grouped the words into similar concepts
regardless of the parts of speech, hereafter we select the most representative

parts of speech word when presenting our results.

Table 3. Filtered data & dictionary statistics.

J-pop | K-pop
Total filtered lyrics 1,134 | 986
Total filtered words 61,094 | 57,049
Total grouped dictionary words | 579 579
Total atomic dictionary words | 1,065 | 870
Overall dictionary coverage 48.8% | 74.0%

Table 4. Top-20 total frequent J-pop & K-pop lyrics nouns.

Rank J-pop lyrics nouns K-pop lyrics nouns
English |Japanese| Korean English |Japanese| Korean

1 |love B At love By At
2 |now ZeS A=+ words S i3

3 |everyone |AA AR day H o

4 |heart La 2] =3 heart 1N &
5 |dream B = moment 53 et

6 |moment |F¢ ] person IN AR
7 |hand + e inside =8} s

8 |inside =8} B night 5 Iy

9 |front Al oF eyes H L=
10 |eyes H = chest g A=
11 |world 5 A AY final =R o} 2] ek
12 |day H o tears NS =
13 |person A N thought Ay 472+
14 |future Hk u| g time RfRY A|7F
15 |sky 75 S= front i ok
16 |chest Iy & world B A&
17 J|as is ESES ojtj =2 one day —H ol
18 |tomorrow [HH o top s 9
19 |tears R = happiness e SPE
20 thing $ OE] [at one’s] side |Z 13 1751
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Tables 5 and 6 list the top-10 most frequent verbs and adjectives appearing
in the filtered J-pop/K-pop lyrics data. We see that many of the same words are
used frequently in both countries’ lyrics (marked in italics), e.g., ‘love’, ‘heart’,
‘look’, ‘know’, ‘good’ and ‘sad’.

Table 5. Top-10 most frequent J-pop & K-pop lyrics verbs.

Rank J-pop lyrics verbs K-pop lyrics verbs
English |Japanese| Korean | English |Japanese| Korean
1 |go 17< 7}k look 22 Hr}
2 |look Rz Bt} know 5 Sige
3 |know 5 otk laugh 5ES <t
4 |give <Nns ot forget N5 oltk
5 |meet 9 ohubck live =) Atk
6 |come k5 Qortt grasp H Zrck
7 |laugh %9 %t go 1< 7het
8 |change b Hsoh leave HEN 5 ik
9 |believe 2L % wct cry w < <t
10 |live a3 Atk take s =t

Table 6. Top-10 most frequent J-pop & K-pop lyrics adjectives.

J-pop lyrics adjectives

K-pop lyrics adjectives

Rank English |Japanese| Korean | English |Japanese| Korean
1 |good VL =t} absent 0 glch
2 |sad ZEL W £ nrct good PRI =t}
3 |far LA Hth painful T\ ofirct
4 |painful Ji\ ot} many 2\ ot
5 |absent fi AW gk far LAY =Rl
6 |[scared i ==& sad FZEL W %ok
7 |joyful LW Z7ct tough D50 [R=ast
8 |kind LW s}t small INE W 2tk
9 |lonely L\ IRt late A =t
10 |hot o oA deep ZE Zct

2.3 Word Embedding Learning

Using the filtered lyrics word data, the J-pop/K-pop lyrics’ country specific
word embedding values were learned using the Word2Vec algorithm [7]. Word
embedding maps each word to a vector of real numbers. Traditionally, to repre-
sent a word in a document, each word occupied one dimension of the document
vector; consequently, a vocabulary of ten thousand words required ten thou-
sand dimension vector. Word embedding introduced a way to express each word
using a continuous vector space with much lower dimension of few hundreds.
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It is known to capture the context of a word such as semantic and syntactic sim-
ilarity, and the relation with other words. However, to learn useful embeddings,
abundant data are needed. Due to the limited amount of the lyrics data, we first
learned the initial word embedding values using both the J-pop and K-pop data,
and then updated the initial embedding values by separately using the K-pop
and J-pop data to build country specific J-pop/K-pop lyrics word embeddings
following the work in [6].

With regard to the word embedding dimension size, we tested different
dimension size of 5, 10, and 100. Due to the limited amount of data, we found
that 5 was the most adequate among the three, and hence set the size of the
embedding dimension to 5. Once the J-pop and K-pop lyrics word embedding
values were learned, three 579 x 5 sized Word2Vec matrices, one for J-pop, one
for both J-pop and K-pop (i.e., the initial word embedding values), and one for
K-pop, having different embedding weights were created. The three Word2Vec
matrices were then stacked back to back to create a three-way tensor of size
579 x 5 x 3, which contained the J-pop, Both, and K-pop lyrics word embedding
values (see Fig. 1 bottom).

2.4 Performing CP Decomposition

CP decomposition was performed on this three-way tensor using the alternating
least squares algorithm to approximately decompose the tensor into a sum of
three components of rank-one tensors (Fig. 1 bottom). Although the number of
components in CP decomposition are determined by gradually increasing the
component size after evaluating the fit of each optimal solution, this approach
did not apply to our example task since we formulated a CP decomposition
with a predetermined component size of three which matched J-pop, Both, and
K-pop. This formulation allowed us to obtain the rank-one vectors (i.e., a1, aq,
and a3 in Fig. 1) that corresponded to the dictionary lyrics words reflecting the
J-pop, Both, and K-pop lyrics words. To obtain the latent J-pop/K-pop lyrics
words, the values of the mode-3 vectors (i.e., the vectors ¢, ¢q, and ¢3 in Fig. 1
bottom), which represent the country aspect, were adjusted to emphasize the
J-pop, Both, and K-pop aspect. We set the mode-3 vector values as [[0.8, 0.1,
0.1], [0.1, 0.8, 0.1], [0.1, 0.1, 0.8]], and proceeded with the CP decomposition.

3 Results and Analyses

Table 7 lists the top-20 latent J-pop/K-pop lyrics noun words discovered using
the proposed method. These latent country words were obtained by sorting the
a; and a3 rank-one vector values (Fig.1 bottom) along with the corresponding
lyrics words, and selecting the top-20 or bottom-20 lyrics noun words with the
larger absolute top-most or bottom-most element value (i.e., the first and the
579th elements’ absolute values were compared). We see in Table 7 an underlying
theme in the latent J-pop/K-pop lyrics noun words.
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Table 7. Top-20 latent J-pop & K-pop lyrics nouns.

Rank J-pop lyrics nouns K-pop lyrics nouns
English |Japanese/Korean| English |Japanese Korean

1 |petal ) =9 style 25 4L | 2~EHY
2 |blood Jiins I brother Thw A |QH
3 |cherry blossom |}k HE bell ~L il

4 |light Ft =1 charm k77 ufj =
5 |darkness ] ol% shirt Y =
6 |quietness RN a8 impossibility | JEFH E=ie)]
7 |cloud = = head 9H =
8 |universe F = toe PES W ==
9 |night sky 2e HHel= danger fG g a4
10 |winter A - taste 173 at
11 |color & Az clothes AR <
12 |fire X =2 woman £* oz}
13 |star £ =] sweat T ot
14 |wave i ot money & =
15 |sky 75 ot= foot, 2 =18
16 [needle 3t v top i Q

17 |spring breeze |&/H\ Byl |skin AL o2
18 |spark NAE =2 body g =
19 |rain 5§} H] blood iilA Ij
20 |bottom T ol music =R =%t

We see in Table 7 that nature related motifs such as ‘petal’; ‘cherry blossom’,
‘light’, ‘darkness’, ‘cloud’, ‘universe’, ‘night sky’, ‘fire’, ‘star’; ‘wave’, ‘sky’, ‘spring
breeze’, and ‘rain’ are present in J-pop lyrics words while human related motifs
such as ‘style’, ‘brother’, ‘charm’, ‘shirt’, ‘head’, ‘toe’, ‘clothes’, ‘women’, ‘sweat’,
‘foot’, ‘skin’, ‘body’, and ‘blood’ are present in K-pop lyrics words. ‘Blood’ is a
common noun word listed in both countries.

Tables 8 and 9 list the top-10 latent J-pop/K-pop verbs and adjectives. Three
verbs, ‘fly’, ‘dance’, and ‘melt’, appear in both countries. When we exclude these
verbs, we are left with nature related verbs for J-pop (e.g., ‘[leaves] fall’, ‘[rain] fall’,
‘glitter’, ‘shine’ and ‘blow’) and human related verbs for K-pop (e.g., ‘wave’,
‘steal’, ‘fit’, ‘suit’, ‘wear’, ‘take off’, and ‘run’). In the case of adjectives, J-pop
adjectives focus on color/vision related expressions (e.g., ‘white’; ‘stark white’,
‘red’, ‘blue’; ‘beautiful’, and ‘bright’) while K-pop adjectives focus on human
perception based expressions (e.g., ‘cumbersome’, ‘delicious’; ‘stylish’; ‘pretty’,
‘hot’, ‘light’, ‘cold’, and ‘shy’). ‘High’ and ‘cold’ are common adjectives.

For reference, the top-20 latent words that encompass both J-pop and K-
pop lyrics (i.e., ‘Both’ ay vector in Fig. 1) regardless of the parts of speech are
‘top’, ‘bottom’, ‘cherry blossom’, ‘[leaves] fall’, ‘mirror’; ‘spring breeze’, ‘flower’,
‘half’, ‘hi/bye’; ‘leaf’; ‘[tell a] lie’, ‘distance’, ‘style’, ‘shine’, ‘red’; ‘die’, ‘words’,
‘summer’, ‘love’, and ‘sorry’.
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Table 8. Top-10 latent J-pop & K-pop lyrics verbs.

Rank J-pop lyrics verbs K-pop lyrics verbs
English |Japanese|Korean English Japanese|Korean
1 [leaves] fall th]’I 5 —g—é’ﬂ \'4- wave 1’1;( 5 —‘—E—%\—/]’
2 |fly R gt steal e A=
3 |[rain] fall |f&2% =t |dance 5 =F
4 |glitter 2z o] o} fit &9 utch
5 |shine S v} |[it] suit[-s you] |{l& D o]-&
6 |dance 5 =5 wear =75 olth
7 |echo < 29t}  |take off [clothes] i < Hc}
8 |penetrate |Z£& k< |ETh melt Bl s =
9  |blow K < 2t  |run L) Het
10 |melt T 5 =} fly TR 5 =y
Table 9. Top-10 latent J-pop & K-pop lyrics adjectives.
Rank J-pop lyrics adjectives K-pop lyrics adjectives
English |Japanese|Korean| English |Japanese |Korean
1 |white SN SFYFTH  [high = =}
2 |high F=AN =} cumbersome |[H F)\ AEH
3 |stark white|E - H\» |A|5}2¥T) large KEFW At
4 |red G 2o} delicious  |FEmkL\y |EFITh
5 |blue W &}t |stylish o S =gt
6 |deep S Zth pretty by [ofEch
7 |beautiful [FEL W ol=2 g t}Hhot EZAW T At
8 |spacious  [[;i\» gt light [EI 7y
9 |bright LW EFE2 A tH cold FE ==
10 |cold FE ET  [shy 0N R AR Ry A2

4 Discussion and Conclusion

How can knowing the top-n latent country words help cross-cultural communica-
tion? Recall that the proposed method learns the hidden relationships between
the words in each country’s text in the form of word embeddings, and combining
the two countries’ word embeddings and performing partially fixed CP decom-
position while adjusting the degree of country aspect enables the discovery of
the substantial words hidden within each country’s text. Such elicitation of the
latent country words can aid in understanding the subtle differences underlying
the two countries’ texts. Revisiting the bilateral meeting minutes example pre-
sented at the outset of this paper, by using the proposed method, we could learn
the hidden emphasis placed by each country’s representatives on the common
issue through analyzing the latent country words. We have demonstrated the
potential of the proposed approach through the example task of finding latent
J-pop/K-pop lyrics words; we discovered that the hidden motifs present in J-pop
and K-pop lyrics texts were ‘nature’ and ‘human’.
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As the method analyzes the frequent and common words shared by the two
countries’ texts, the method can be viewed as finding each country’s dominant
concepts from a set of shared concepts; this is very different from finding dis-
tinct concepts that do not overlap across two countries. Moreover, the proposed
method is unsupervised; both the word embedding learning and CP decompo-
sition do not require any labeled training data (we assume that the country
information can be automatically collected with the country texts). As long as
there exists two countries’ texts, the proposed method can be applied. How-
ever, the construction of reliable country-specific word embeddings is the key
to finding meaningful latent country words, and thus a sufficient amount of two
countries’ texts is required for successful analysis.

Recent advances in information technology have enabled the easy collection of
cross-cultural texts. Nowadays, there are abundant cross-cultural texts generated
by two countries’ participants that cover a common subject; examples range
from two countries’ bilateral meeting minutes to movie reviews written by two
countries’ audiences. We believe the method proposed in this paper can provide
a viable data-driven approach to highlighting the hidden emphasis placed on a
common subject discussed by the two countries’ participants, and in turn aid in
understanding the hidden differences underlying the two countries.

Acknowledgments. We thank the anonymous reviewers for many constructive
comments. A heartwarming thanks to Yangjean Cho for revising and expanding the
J-pop/K-pop lyrics word alignment dictionary.
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