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Chapter 3
Linking Ukiyo-e Records across Languages:
An Application of Cross-Language Record
Linkage Techniques to Digital Cultural Collections

Yuting SONG

The work described in this chapter was jointly done by Dr.
Biligsaikhan Batjargal and Professor Akira Maeda at the College of
Information Science and Engineering, Ritsumeikan University.

Ukiyo-e is well-known as a traditional Japanese art form and is one of
the popular styles of the Edo period (1603—1868). Not only in Japan but
also in many Western countries, there are many museums, libraries, and
galleries that have digitized Ukiyo-e block prints. In different countries,
digital cultural collections are described using metadata in different
languages, and for example, digitized Ukiyo-e prints are found on the
internet with metadata in Japanese, English, and Dutch.
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Figure 1. Digital versions with metadata in different languages

Source: Author
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We can see that identical Ukiyo-e prints could be described in
different languages like the examples in Figure 1. The metadata records
refer to the same Ukiyo-e prints, but the metadata is in Japanese,
English, and Dutch. The purpose of our work is to find the identical
Ukiyo-e prints by using the textual metadata in different languages, for
example, on the titles and artist names in Japanese and English as in
Figure 2.
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Figure 2. The examples of the identical Ukiyo-e metadata records from different
digital collections in Japanese and English
Source: Author

This research could help people to search the Ukiyo-e prints,
regardless of language and it could also help metadata creators enrich
metadata in other languages.

Cross-language Record Linkage

Cross-language record linkage is used to identify record pairs that
refer to the same real-world entities across data sources in different
languages. Given the metadata records in different languages, the key
step is to measure the similarities between metadata in the different
languages, which is the across-language metadata similarity calculation.
Then, based on these metadata similarities, the record pairs are classified
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into matches or non-matches by using a decision model.
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Figure 3. Calculating metadata similarities in different languages
Source: Author

The challenge of cross-language record linkage is how to calculate
the metadata similarity in different languages. As shown in Figure 3, we
deal with this problem from two directions. One is a translation-based
method, which uses machine translation to overcome the language
barriers, and the other is the method without translation. The metadata
are translated from one language to the other using the translation-
based method. As shown in Figure 4, the metadata are translated
from Japanese to English by means of machine translation and then
compared within the same language. For the second method, without
using translation, we use bilingual word embeddings to represent
words in metadata within one vector space, and then calculate metadata
similarity.
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Japanese title English title
[ R K2E ] [A Snowy Evening at Kambara StationJ
Translation

[ Kambara night snow ]

‘[ Metadata similarity calculation ]7

Figure 4. Metadata similarity calculation using translation-based method

Source: Author

Let me briefly explain word embedding and bilingual word
embedding. Embeddings are the distributed vector representations
of words, which are dense, low dimensional, and real value vectors.
Usually, the dimension of the word vector is fixed, for example, 200 or
300. Figure 5 is an example of the word vector to represent the English

word “storm.”

¢ The dimension of the vector is hundreds (eg. 200, 300)
e e.g. vector (storm) = [0.23, 0.44, -0.76, 0.33, 0.19, ... ... ] dim =200

Figure 5. Vector for the word “storm”
Source: Author

One of the advantages of word embeddings is that semantically
similar words are close in the vector space, and the semantic similarity
between words can be calculated using this word vector.

In bilingual word embedding, the cross-lingual vector representations
of words can be obtained by linear mapping between monolingual word
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embeddings.

Figure 6 shows a cross-lingual word embedding space. In this
space, words such as the Japanese word “sekai” and its corresponding
English word “world” have a closer distance represented by the close

vectors.
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Figure 6. Words in different languages that are similar have close vectors.
Source: Author

Because bilingual word embeddings can capture the semantic
meaning of words across languages, we use these vectors to represent
the words in metadata, and then calculate the metadata similarities in
different languages.

The process for calculating the similarity of Ukiyo-e titles using
bilingual word embeddings involves the following steps. Firstly, we
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will represent all the words in the source and target languages using
bilingual word embedding. For each word in the title in the source
language, we calculate the cosine similarity with each word in the title
in the target language, as shown in the equation at the bottom of Figure 7.
At the same time, we also use the romanization of this word to calculate
the cosine similarity with each word in the title in the target language.
Accordingly, we use the maximum similarity score as the contribution
of this word to the title similarity.

* For each word w;* in the title in the source language

* Itis used to calculate the cosine similarity with each word W;T in the title
in the target language

* The romanization of word wi!‘ is also used to calculate the cosine
similarity with each word W;T in the title in the target language

* The maximum similarity score is used as the contribution of wir‘ to the title
similarity

Swaw-mac (ts: tr)

T . T ; ts ¢
= E max,_ e [cosine (WA S, Wy T) ,cosine (w,..‘, w T)]
i w;' Etr t J it

Figure 7. Metadata similarity calculation
Source: Author

Finally, the title similarity is calculated by using this formula and
the sum of all the words that contribute to the title similarity. The
example in Figure 8 shows the process of how our method calculates
Ukiyo-e title similarity in Japanese and English. The arrows represent
the similarity calculation between two-word vectors. Each word is used
to calculate the cosine similarity with the word in the English title.
The words in English titles are also represented by the bilingual word
embedding. The red arrows represent the maximum similarities of
Japanese words, which are the contributions of Japanese words to the
title similarity calculation.
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Figure 8. Example of title similarity calculation using bilingual word embeddings
Source: Author

Next, we did some experiments to find identical Ukiyo-e prints
between databases in Japanese and English. We used the title of
Ukiyo-e prints to evaluate our methods. To reduce the number of record
pairs to be compared, we filtered the candidate record pairs by using
the artists’ names of Ukiyo-e prints. We collected 203 Japanese records
from the Edo Tokyo Museum and 3,398 English records from the
Metropolitan Museum of Art. Each Japanese Ukiyo-e metadata record
has a corresponding English Ukiyo-e metadata record in this English
data set, which means they referred to the identical prints that we
wanted to find.

For the machine translation-based method, we translated Ukiyo-e
titles from Japanese to English by using three well-known online
machine translation systems: Microsoft Translator, Google Translate,
and DeepL Translator. For the method without translation, we need to
learn bilingual word embedding, which requires monolingual word
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embeddings and bilingual word pairs. To learn the monolingual word
embeddings, we use Japanese and English Wikipedia articles and the
Word2Vec toolkit. For the bilingual word pairs, we use 9000 common
Japanese words and their English translations to learn the mapping
between the Japanese word embedding space and English word
embedding space. We followed the training setup in this paper [1].

The results for finding identical Ukiyo-e records are shown in
Table 1.

Methods MAP Top-1 precision | Top-3 precision

MS 0.4949 0.3839 0.5663
Google 0.5750 0.4478 0.6522
DeeplL 0.5114 0.3922 0.5862
BiWE-w2w 0.2698 0.2007 0.3002
BiWE-w2w+roma 0.5338 0.4660 0.5721

Tablel. Experimental results

Among all the results, we can see that Google Translator obtained
the best performance. Within the translation-based methods, we can
see that the result is actually influenced by the different translation
systems.

If we compare the method based on translation and the method
without translation, although the result of the bilingual word embedding-
based method is worse than that of the translation-based method, it is a
promising result because it can be used for other low-resource language
pairs where machine translation is not available.
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Japanese title English title

[EEDKE [ The Waterwheel at Onden ]
51z | JKE |

Omanization \Qn\anization

[B,%BE! ][ onden ] [7k$ ] [ suisya ]

*  MT-based method
e MrTresultsof [FEEHMIKE ]
¢ Hidden Water Wheel (Microsoft Translator)
¢ Hidden Waterwheel (Google Translate)
¢ water wheel in a hidden land (DeeplL Translator)

Figure 9. An example demonstrating that the bilingual word embedding-based
method is better than the MT-based method
Source: Author

Figure 9 shows how using the romanization of Japanese words in
the bilingual word embedding-based method contributes to the title
similarity calculation. The corresponding Japanese word in this English
title is romanized as “Oden,” but all the machine translation systems
translated this word as “hidden” or “hidden land.” Thus, in this case, the
machine translation result could not match its corresponding word in the
English title.

We also would like to discuss the limitations of our approach.
Because our method relies on the text for metadata, our methods
failed in cases when the corresponding English title is an inadequate
translation. For instance, as illustrated in Figure 10, these two identical
Ukiyo-e prints’ the English title did not contain the first two Japanese
words in the Japanese title. Our method failed in cases like this.
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Utagawa Hiroshige, 1857

Figure 10. An example of the limitation of our approach
Source: Author

Conclusion

This chapter has introduced our method of metadata data similarity
calculation in different languages and shown our method’s ability to find
the identical Ukiyo-e prints between Japanese and English databases. In
the future, we will further improve the performance of this method by
using other metadata fields. Currently, we only use the title and artist’s
name, but in the future, we want to use other metadata fields, such as the
publication date. We also intend to apply our method to other languages,
for example, between English and Dutch, and between Japanese and
Dutch.
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