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Visualization meets Ancient India: 
Mapping the Structure of Vedic Texts
可視化と古代インド研究：
ヴェーダ文献の構造のマッピング

Hiroaki Natsukawa (Kyoto University, Academic Center for Computing and Media Studies)
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īƠ to i�entify the �attern� of �oǝo��urren�e of mantras in the literature
ĬƠ to �re�ent the �orre��on�en�e �ith the ��hoo�� an� �eo�ra�hi�a� 
infor�ation in the literature
ĭƠ �ink �antra �oǜo��urren�e� �ith ritua� an� �ha�ter infor�ation for 
interpretationơ

ĭĪ ty�e� of ritua� e�ent �u�h a� ��ni�ayanaƬ�	ƭƠ
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") Method
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One Step Further: Assessing Semantic 
Similarity in Sanskrit Using Word 
Embeddings with a Weighting Factor
検証の次なる段階へ：重み付けを伴う単語分散表現による
サンスクリット文献の類似度推定
Yuki Kyogoku (Leipzig University, Indology)
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#. $i�ita� %�r�	s

1it2ub3 → �liver2ellwig4sanskrit4dcs4data4conllu4files
Training MS TS KS

5umber of �hapters �  &"  '� 6� 7

8vg. Sentences4�hapter & .&$ "$.$' "�.6" &'.'9

8vg. Tokens4�hapter  7:.7& �9".�9 �97.76   �.96

&. 'eth��

word embedding3 one type of vector 

representation of a word

e.g.,

v(book) ; (:.:�, :. , :.:$, ...)

1. Research Objective

 Quantitatively evaluate four models proposed for the task of 

comparing the similarity of chapters in Maitrāyaṇīsaṃhitā 

(MS), Taittirīyasaṃhitā (TS) and Kāṭhakasaṃhitā (KS).

→The performance of the models is compared with a human 

evaluation, which is chiefly based on parallel passages.
 Examine effects of weighting factor and vector type on result.
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<Model components=

�. >ord vector type

→ >ord ?ec or @astText

 . Method of creating chapter vector

→ 8veraging or normaliAed weighting of word 

vectors

&. 'eth��

<�. >ord vector type=

B>ord ?ecC3 Trained at word 4 token level

e.g., win. ;  

D� eat an apple, an �ra��e and a banana.E 

B@astTextC3 Trained at character level

e.g., win. ;  , wordFngrams ; �

D� eat an apple, an ora�ge and a banana.E

&. 'eth��

< . Method of creating chapter vector=

�) 8verage of word vectors

 ) T@G�
@ weighting3 tfHidf

 Ised to measure the importance of words

 �ne of the simplest and most common keyword 

extraction methods

 8garwal et al. ( :�7) D8uthorship �lustering using T@G�
@ 

weighted >ordGEmbeddingsE
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&. 'eth��

<�
@3 �nverse 
ocument @reJuency=

H � denotes a set of documents in a corpus

HH � denotes the total number of documents 

&. 'eth��

<@ormula for �hapter ?ector with T@G�
@ >eighting=

H �i denotes the ith word vector

HH t��i��i denotes a normaliAed tfGidf value of the ith word

HHH �f the word is a stopword, its tfGidf value becomes : 

&. 'eth��

<T@3 Term @reJuency=

� �r��(t, d) counts the occurrence of token t in 

document �
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&. 'eth��

<Summary of four Models=

�) >ord ?ec x 8verage

 ) >ord ?ec x tfGidf

") @astText x 8verage

$) @astText x tfGidf

H >ord ?ec is fed with lemmas, while @astText is fed 

with forms (tokens).

HH tfGidf is based on lemmas.

(. �va�	ati��

<
efinition of Similarity=

There are several aspects for measuring the 

similarity of chapters, e.g., vocabulary, topics, 

grammatical features (the usage of imperative, 

optative, etc.), writing style. 

(. �va�	ati��

<
efinition of Similarity=

There are several aspects for measuring the 

similarity of chapters, e.g., v�cab	�ar�) t��ics, 

grammatical features (the usage of imperative, 

optative, etc.), writing style. 
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(. �va�	ati��

<�ecall=
�hapters correctly extracted by model ; True 

Lositive
�hapters evaluated as similar by human 

evaluator but not extracted by model ; @alse 

5egative

(. �va�	ati��

<�ecall=

(. �va�	ati��

MS chapters are compared to TS and KS chapters. 
Kased on vocabulary and topics as a similarity measure, 

especially on the fact that the chapters share parallel 

passages, a human evaluator (Lrof. 8mano) assigns the most 

similar TS or KS chapter(s) to each MS chapter.
The topG" most similar TS or KS chapters for each MS 

chapter are extracted by the four models.
Question3 8re the most similar chapter(s) extracted by the 

human evaluator contained in the top three chapters 

extracted by a given modelM  
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*. Res	�ts

H n ; '6 (N�hapters extracted by the human evaluator)

HHw vFaver = w vFtfidf = fastFaver = fastFtfidf

Model �ecall

>ord ?ec x 8verage :.''�9'&

>ord ?ec x tfGidf :.'�9'$9

@astText x 8verage :.': 7$�

@astText x tfGidf :.&&66 $

*. Res	�ts

<Oatent potential of tfGidf weighting=
@or the specific pair MS �.6 and KS ', models 

with tfGidf weighting extracted more similar 

chapters than the models with averaging
TfGidf may be capable of capturing the 

characteristic vocabulary in chapters

+. �	��ar�

 �n terms of vocabulary and topics as a measure of 

similarity, the simplest model, i.e., >ord ?ec x 

8verage, brings the best result
 �n some specific cases, tfGidf weighting may be 

capable of capturing some characteristic 

vocabulary (M)
The poor performance of @astText can probably be 

improved by optimiAing its parameters (M)
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Thank you for listeningP 

Questions or SuggestionsM
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Computational Stylometric Analysis on 
Intertextuality in Historical Written 
Languages: A Case Study of Coptic
文献言語における間テクスト性の計算言語学的・
計量文献学的分析：コプト語における事例研究
So Miyagawa 

宮川創（京都大学 文学研究科 / 文学研究科附属文化遺産学・人文知連携センター）

Presentation 4｜報告４

(Kyoto University, Graduate School of Letters / 
 Center for Cultural Heritage Studies and Inter Humanities)
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Dependency Parsing of Vedic 
Sanskrit - Algorithms and 

Linguistic Conclusions
Oliver Hellwig, Sebastian 
Nehrdich, Sven Sellmer -
University of Düsseldorf

FKZ 01UG2121

Structure

● Annotation
● Designing a dependency parser for Vedic
● First linguistic and philological results

Dependency parsing of Vedic Sanskrit
─ Algorithms and linguistic conclusions

Oliver Hellwig  (Dusseldorf University, Institute for Language and Information)

Sebastian Nehrdich  (Dusseldorf University, Institute for Language and Information)

Sven Selllmer  (Dusseldorf University, Institute for Language and Information)

Presentation 5｜報告5
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Annotation

Performed directly in the DCS interface

Dependency annotations

Annotation

Labeler based on neural networks

See: Hellwig, O., Scarlata, S., 
Ackermann, E. and Widmer, P. 
(2020): The Treebank of Vedic 
Sanskrit. In: Proceedings of the 
LREC

Syntactic dependencies

Aim: Labelling a sentence with syntactic roles and arcs connecting the 
constituents

Universal Dependencies (UD) standard

Our guidelines:

https://doi.org/10.5167/uzh-212699
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Annotation

Current dump of the syntactic data:
https://github.com/OliverHellwig/sanskrit/tree/master/papers/2020lrec/treebank

Background of Dependency Parsing 

•Dependency parsing is the process of analyzing the grammatical structure of a 
sentence by determining the relationship between “head” words and the words 
that modify those heads 
•Two parsing methods are widely used: transition-based and graph-based 
•graph-based parsers show better performance for morphologically rich IE 
languages and for those of the SOV-type; Vedic has both characteristics 

Parser design

•We adapt the biaffine parser of Dozat and Manning, 2017 since it achieved state of the art UAS 
on all CoNLL 09 languages and because it has better performance on non-projective languages
•We add a character-based CNN on the inflected form and integrate a larger number of categorical 
input features: Morpho-syntax, Verbal nouns, inflected word forms, punctuation and text-historical 
layers 
•We augment the training data by randomly concatenating up to four, not necessarily subsequent 
sentences from the training set 
• We evaluate the effect of deep contextual embedding models such as ELMo and BERT on the 
biaffine parser
•Other parsers for Sanskrit such as Kulkarni 2021 or Krishna et al. 2020/2021 exist, but their 
DSSOLFDWLRQ�WR�9HGLF�LV�QRW�SURPLVLQJ�VLQFH�WKH\�HLWKHU�UHO\�RQ�WKH�3ƗLQLDQ�V\VWHP�RI�JUDPPDU�
(Kulkarni) or are trained on a rather small corpus of “Neo-Sanskrit” (Krishna et al. 2020/2021) and 
thus don’t perform satisfyingly on cross-domain tasks
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Lexical Embedding strategies 

•Evaluation of static (fastText) vs. contextual (RoBERTa-Vedic-GRETIL) embedding 
strategies with a fixed corpus size of 5000 sentences

Features Model UAS LAS

None RoBERTa-Vedic-GRETIL 73.4 63.5

fastText 70 60.3

+POS RoBERTa-Vedic-GRETIL 75.2 66

fastText 74.4 65.8

All features RoBERTa-Vedic-GRETIL 78.5 70.6

fastText 79.5 72

Parsing::Conclusions 

•The performance of the biaffine parser on the Vedic treebank is superior for UAS and on 
pair for LAS with the current state of the art for Ancient Greek PROIEL and Latin PROIEL 
•The larger number of categorical input features and the augmentation of the training data 
lead to decisive performance gains 
•The additional pretraining performed by DCST does not lead to clear improvements  
•Contextual embedding strategies, while being expensive to train, show a visible 
performance gain when no or little linguistic information is available; as soon as enough 
annotation data is available, static embedding strategies in combination with the full 
ensemble of linguistic information are superior 

Parser Performance

•Among other available treebanks of premodern languages, the situation of Vedic 
is probably best compared with that of Latin and Ancient Greek 

Corpus UAS LAS 

Latin PROIEL (Straka 2019) 83.34 78.66

Ancient Greek PROIEL (Straka 2019) 85.93 82.11

Vedic treebank biaffine 87.63 81.68

Vedic treebank DCST 87.61 81.84 
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Parser::Annotation Pipeline 

Erwähnen: Pipeline zur pre-annotation! Saves time!!

Evaluation

Vedic syntax not too popular as a research topic:

● Delbrück and a lot of details studies on the Rigveda
● Strong focus on pragmatics
● Few studies on long-range developments
● Few studies quantify their findings with corpus data.
● See: Hock: Issues in Sanskrit syntax, 2-4

What can the treebank data tell us?

Evaluation

Q: Are there any relevant diachronic trends in the placement of direct objects?

Data: ~ 5,300 main clauses
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Evaluation

Animacy and register interact with object placement.

Cochran-Mantel-Haenszel tests show that there is a diachronic development even 
when using animacy/register as control variables.

Which factors are responsible?

Evaluation

Objects in preverbal placement

Objects seem to move to the directly 
preverbal position over the Vedic period.

Is this a diachronic trend? Well, …

Evaluation

negative = to the left of the verb positive = to the right of the verb
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Evaluation

> The number of verbal arguments (nsubj, obj, 
obl, iobj) decreases significantly during the 
Vedic period.

Summary

● Syntactic data open new perspectives on the Vedic literature.
● Annotation interface and parsers are available. Collaborations are most 

welcome!
● Current focus: Detecting chronological syntactic trends and markers in an 

unsupervised manner.








