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1.Background & Purpose



Background

Equi-complexity of language:
All languages are equally complex.

\

A

[[]n a comparison of any two
languages higher and lower degrees
of complexity in different sub-
domains of morphological and
syntactic structure will ultimately
balance each other out.

(Kortmann and Schloter, 2020)

No one should draw the conclusion
from the paper that the Piraha
language is in any way ‘primitives’. It
has the most complex verbal
morphology | am aware of. And a
strikingly complex prosodic system.

(Everett, 2005, 62)

JELCICINELENEINE
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Purpose

This research aims to measure an overall complexity of a
language:

1. by measuring the unpredictability of how many meanings a
given form represents, and

2. basing on a linguistic unit independent of any specific
language.

Takuto Nakayama Linguistic Complexity Through Form—Meaning Pairings (@The 21st ICL) 2024/09/10




Why Form-Meaning Pairing?

e Currently, there is no consensus on how to measure overall
linguistic complexity across languages.

* To address this, this research views language as a sequence

of linguistic units that refer to something, which at least
appears to be a common feature across all languages.

* In this context, a straightforward definition of linguistic
complexity is the number of meanings that one form refers to.
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2.Previous Studies



Previous Studies

“Both simple and complex types of language
of an indefinite number of varieties may be
found spoken at any desired level of cultural
advance. When it comes to linguistic form,
Plato walks with the Macedonian swineherd, d
Confucius with the head-hunting savage of

/
&4
w// I:»,k.' Ko

Assam.” (Sapir, 1921, 268-269) Edward Sapir

"Impressionistically it would seem that the
total grammatical complexity of any
language, counting both morphology and
syntax, is about the same as that of any other.”

(Hockett, 1958, 180)
Linguistic Complexity Through Form—Meaning Pairings (@The 21st ICL)

Charles Hockett
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Previous Studies

- Bentz et al., 2023 . ——Koplenigetal., 2023 —
 Participants of the workshop
evaluated languages based on * Involved analyzing multiple
various aspectS. Corpora to assess the

. complexities of languages.
e The evaluations were merged X Juag

into vectors representing the » Found that differences in

Overa” Complexity. Comp eX|ty W|th|n one COI’pUS
were also found in others.

 Comparing these vectors, no

significant differences were » Differences in linguistic
found. complexity among languages

. . are somehow significant.
- Suggested that equi-complexity

might be valid. - Challenged the equi-complexity.
N J U J

The debate of equi-complexity of language has not yet ended.
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3.Dataset & Settings

10



Methodology

into WordPiece with BERT model
Corpus (Hugging Face) (Devlin et al., 2018)

] B
=

Compute entropy
A , A\

Visualize based on Shannon (1948): using DBSCAN
H=— Zpi log, p; (in scikit-learn, python library)

Takuto Nakayama Linguistic Complexity Through Form—Meaning Pairings (@The 21st ICL) 2024/09/10




Dataset

Multilingual Bible Parallel Corpus
(Christodouloupoulos and Steedman, 2015)

Othe’Z Used data that both:
‘ e consist of the Old and

Dravidian

3 | New Testament, and

Uralic * the BERT model pre-
2 trained for.

41/102
Austronesian .
4 languages Given data: 41 languages
Indo-European
Afro-Asiatic - 26

2

GitHub— ';s:, :
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WordPiece (Hugging Face)

1. splitinto the characters.

..., w, ##to, #itr, ##d, ...] < (the initial without special
marks: the rest with ##

referring to a slot)

2. merge adjacent pair and

. Woz##’ #for’ ##:'ird, R L — compute 3 score below:

= _ _ frequencypair

3 6 6 Score =

frequency; x frequency;

[ w, woith, #Ho, #Hir, #d, ] ..o | NePaIrofthe highest

score is merged.

!
The process will go on until reaching the desired vocabulary size.
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(shifted right)

(Vaswani et al., 2017)

Linguistic Complexity Through Form—Meaning Pairings (@The 21st ICL)

A neural language model that
is based on Transformers by
Huggingkace.

Context-based embeddings.

In the present research, bert-

based-multilingual-cased
(Devlin et al., 2017) is used.

The last layers: 768 layers.
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Shannon Entropy (Shannon, 1948)

& ¥
Hlanguage — = N Z Z p(SWij)lOgZ p(SWij)a

in which the language has N types of subwords and p(sw;,) refers to

the jth meaning of the ith subword in the language.

Cluster Cluster
( ) 4 )
4 A ml — 05 e N ml — 09
~ < my = 0.2 ~ - my =0
\ _J \ _J
H =~ 1.4854 H =~ 0.4689
—higher complexity —|ower complexity
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Results

Bibles

0.0 0.5

JELCICINELENEINE

1.0

1.5 2.0 2.5 3.0
Entropy
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* Indo-European
languages and
some others are
placed from about
1.6t0 2.0

- 3-4 meanings/sw

e The others are
from 1.13to 1.5
- 2-3 meanings/sw
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Conclusions & Limitations

—Conclusions ~
* There seems to be a difference in linguistic complexity
among languages, due to language families.

* Equi-complexity is a loose tendency among languages.
\ _/

—Limitations ~

 Further research should:
* use data from balanced corpora, and
* alarger number of languages (e.g., > 100).

* Only suggested “how many meanings” each subword
might refer to, but not answered “why such number”.

_J
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