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Introduction

e Confronted with a number of languages that show variant degrees of similarity and
differences, one of the first tasks of the linguist/anthropologist is to understand the
relationships between these languages.

e Historically, two main approaches have been employed:

o Swadesh-like approaches (Lexicostatistics)

o Greenberg-like approaches(Mass comparison)

e \Whatever the approach, some discrete (non mutually exclusive) steps are often
involved in such historical linguistics work.



Introduction

e Discrete (mutually non-exclusive) steps can involve:
Cognate identification: words that are related, especially in form — see Jager 2019.
Establishment of sound correspondences —see List et al 2022, Kim et al 2023.

Proto-form reconstruction- See Meloni et al 2021 for instance.
Time-denth estimation — See Grav & Atkinson 20032006
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Time-depth Proto-form Cognates

French Romance ~1000 cane [ kane ] chien [ [i€ ]
Italian Romance ~1000 cane [ kane ] cane [ kane ]
Spanish Romance ~1000 cane [ kane ] can [kan]



Objectives

¢ | concentrate on cognate-detection and show how automated methods
can be employed in this task.

e The objectives of this presentation are thus two-fold:

o  Show how raw data is processed for automated approaches to comparative historical
linguistics work.

o Demonstrate the methods involved in cognate detection.

o Present preliminary results from these methods used on data available within the
BANG project.



Significance

e The results in this presentation are pertinent for two reasons:

e Data processing techniques presented here can be relevant for other African
languages.

e Methods used in this study are transferable to workflows defined for different
projects that involve linguistic data.

e Perfected methods are going to be used with data in which Bangime, the object
of study of the current project, will be integrated.



Computational methods in cognate detection

Computationally, it is generally understood that cognate detection

Involves two major steps (Rama et al 2018: 4):
o Word similarity calculation: how close, often phonetically, are groups of words?
o Cognate set partitioning : proposing sets and putting proposed cognates in these sets.

A third stage induced by this two-step approach is phonetic alignment -
cognate sets are aligned (List et al 2022:90).

e Align the proposed cognate sets for further analysis.



Computational methods in cognate detection

e Alignment analyses have the advantage of :
e helping to model differences between sequences.
e allowing us to compare sequences i.e. cognates.

Conoepr Jauanwents — Jeor
Ampari (e.g. bird) fly 156 [
BankanTey (e.g. bird) fly 156 O
BenTey (e.g. bird) fly 156 (O
Nanga (e.g. bird) fly 156 0 &2
PergeTegu (e.g. bird) fly 156 [
TommoSoTongoTongo | (e.g. bird) fly 156 (O
YandaDom (e.g. bird) fly 156 ()

mm

Ampari (e.g. bird) fly 156 O
BankanTey (e.g. bird) fly 156 O
BenTey (e.g. bird) fly 156 O
Nanga (e.g. bird) fly 156 0 B
PergeTegu (e.g. bird) fly 156 O
TommoSoTongoTongo | (e.g. bird) fly 156 O
YandaDom (e.g. bird) fly 156 O




Data in this study: the raw data

e Data is from the Dogon and Bangime Linguistics project.
e Data similar to data curated by linguists working on the field.

Englizh frangais Toro Tegw (Tc Ben Tey (Ben Bankan-Tey ( Nanga {Anda. Donnoe So Jamsay (Dowe
domestic animez animal domestique {zurt ariizaka ~ arzi arsE-m 'V arss: javrdi-m'\javwe gassgE beliz AzEgE gAsEgE
(zb's) livestock bétail (I'ensemble des an 3 Jawrdi Jawrdi Janardd jawrdi, gassgs
(woung herder's amimal favori (d'un jew 3 gabél gafél Zaber gapél

camel chamean 1 3w -m I Et-mi\3peT dgd-nagd 3-yond IVI-pigd

cat chat ni-niw=E-m"'n nitmi-m"'nim dondiyé gamma ni-niwse

cow, bull (any t bovin (vache on taureau’ nana mE-m' i na-mnd: nana ana nana

calf wveau nana-lir*-i:] na: yi-m na-yi-m''na- nana yi: ana-i- nan-i=

cow (female) wache nana-ya na: yi-m nana va: nand-na:

cow that has ca vache qu a mis bas ann 3 nana-ya-na: ha na-m na-vi-mina- nana dée:

cow (with a cal vache (avec un wveau) 3 fna: yayd-m nana yi: dé: AN a-na:
heifer, voung c: génisse, jeune vache (gu naga-ya girédy na: grd-m  wizge-m'\wiig nana gord, nas naga-gols nagna gors
bull tauresm nana-ara nar arta-m nana ar=a nana ana nana ar=a
bull {castrated) taureau (castre) naga-ara polit na: part-m  na-arfd-m''né nana pori nana par-a nana pard

bull (uncastrate taurezm (non castre) nana-ara bobé na: jaggid-m  na-ji-mi\nd - nana jagi nani kilandi nanid jin

bull (uncastrate taurezau (non castre, jeun 3 na: jar kirim nana korobari nana korobs:r

dog chien injg-m'injz  fjérd-mAjén nerti ida ijna




Data in this study: data cleaning steps

e The steps taken to get the data into computer digestable format are of three

main types:
® All manual process
® Semi-manual process

e Manual process involved:
o Removal of non alpha-numeric symbols (°,’, )’, ‘/*)
o ‘Columnization’ and ‘Rowing’:
m Columns: ID, language, concepts, singular, plural
m Rows: 11D, 1 language, 1 concept, 1 singular form, 1 plural form
o Consensus forms, for especially verbs
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Data In this study:data cleaning steps

e Data after manual process:
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DOCULECT

BankanTey
BankanTey
BenTay

Bunogse
DogulDomBendiely
DogulDomBendiely
DonnoSo
ConnoSo
JamsayGourou
JamsayDouasntza
JamsayDousntza
JamsayMondoro
Mombo

Mombo
BonduSoMajamba
EBonduSoKindige
Manga

Penange
FPergeTaegu
TebulUre
TebulUre
TiranigeBoui
TiranigeMingo

GLOSS

domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic
domestic

animal (esp.
animal {esp.
animal (esp.
animal (esp.
animal (esp.
animal (esp.
animal (esp.
animal {esp.
animal (esp.
animal (esp.
animal (esp.
animal (esp.
animal {esp.
animal (esp.
animal (esp.
animal {esp.
animal (esp.
animal {esp.
animal (esp.
animal (esp.
animal {esp.
animal (esp.
animal (esp.

livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock
livestock

 SINGULAR

jawvedi-m
da:ba-m
ars£:-m
kamba
bele-g
bélE-_gu
bl
o= [V}

gar sege
a segs
ga s£ge
a segs
débd beli
beli
dume-ngd
ddms3:-n
ga s&ge
da:ba

a sége

a segs
ga siZge
el

b&li

FLURAL

jawedi
da:ba
arse:
kombo=gé
bele-g-ya
belz-gi-ya
b&lda
bli=mhbé
gar s&ge

a sege=bsa
ga s&ége=beé
a segs

dime:
dume:

ga s&ge
da:ba=gé

a sege-mbs

ga s&gé-mhb3

bal=ge

beli=ge 11



Data in this study: data cleaning stans

hhapheme IFA

Semi-manual process involved:
o Identifying morphotactic properties
o Writing segmenting rules in the python programming language
o Parsing the data based on these rules e —

Identifying morphotactic properties: =
o Reading grammars on the languages I

Writing rules:

o Using python to encode the rules

D000 £ 00 O B M D e E D 2

O oL O e L O L 1 O T ST 1
o OO O o o L T OO S | T S 1

(self, item):

wmber of consonants in words

Parsing data:
o Running python script on data
o Stabilizing graphemes using an orthogray =

letter T letter

consonant_count 1

consonant_count
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Data in this study: data cleaning steps

e Data after semi-manual process:
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Eankan Taw domeaestic
Eamnkan Taew domestic
Eaemn Tey domeaestic

EBumnoge
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CronmoS o
Jamsay SGouurou
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JamsayDDousnt=.
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dormestic
domeaestic
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dormestic
domeaestic
dormestic
dormestic
domestic
dormestic
dormestic
domestic
dormeaestic
domestic
domestic
dormeaestic

amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
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amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
amirmal
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gar+se+oge
ase+gsE
gassS+ge
ass+ g
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G L Ty el B
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da alkba

ase+ge
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Cognate detection: the input

e [or cognate detection to be efficient, data must have not just enough words, but also
enough comparable word pairs; the higher the better.
e List(2017) suggests a minimum of 100 comparable words i.e. 100 concept pairs.

Language coverage in data

200
S00

400

G_

288 concept pairs

mpari
anTey
fenTey
ndige
ndige
amba
noge
ndiely
alang
noSo
entza
ourou
ndoro
ombo
anga
ange
Tequ
ulUre
anige
eBoul
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Tongo
5agou
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Tegu
aDom
moso
na-Afo




e Cleaned data had 209

l.e. 288 concepts.

nate detection: the Input

anguages with a minimum of 53% concept coverage
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Cognate detection: the input
e The languages that the cleaned dataset contains are shown below.
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Cognate detection: the cognate set

e The new data are then fed into the Lexstat model of Lingpy - a model
that has been shown to be impressively effective for automated
comparative historical linguistics (List et al 2023).

e The Lingpy model outputs a .tsv file that contains the determined
cognate sets.

e COGID in the .tsv file is indicative of cognacy.

ID DOCULECT CONCEPT IPA TOKENS SOMARS PROSTRINGS CLASSES LANGID MNUMBERS WEIGHTS DUPLICATES COGID
#

17132 BenTey (1P1 subject pronominal) J J 6 A ] 2 2.]J.C 2.@ 8 1

17133  Bunoge (1P1 subject pronominal) n f 4 A { 4 4.N.C 2.8 8 3

17134  DogulDomBendiely (1P1 subject pronominal) & 4] 7 X U 5 5.0 1.5
17135  DonnoSo (1Pl subject pronominal) n n 4 A M 7 7.M.C 2.8 a 3

17136  DonnoSo (1P1 subject pronominal) j.-n in 6 4 AN IN 7 7.3.C 7.MN.c 2.0 8.880

17137 JamsayDouentza (1P1 subject pronominal) 3 j 6 A ] 8 8.17.C 2.8 8

17138 BonduSoNajamba (1P1 subject pronominal) J j & il ] 3 3.]J.C 2.8 @

17139  MNangas (1P1 subject pronominal) J J & A J 11 11.7.C 2.@ 8 1

17148  Penange (1P1 subject pronominal) n ] 4 A M 12 12.N.C 2.8 8 3

17141  PergeTegu (1P1 subject pronominal) 3 j 6 A ] 13 13.3.C 2.@ 8

17142  TebulUre (1P1 subject pronominal) .o~ i~ 6 4 AN ]9 14 14.3.C 14.9.¢ 2.8 0.8
17143 Tiranige (1P1 subject pronominal) ni n i 47 AX NI 15 15.N.C 15.I.V 2.8 1.5
17144 Tiranige (1P1 subject pronominal) nif#v ni#vad7930A NI_B 15 15.M.C 15.1.V 15._._ 15.
17145  TogoKan (1P1 subject pronominal) Ems Emeg T 47T KBZ EME 16 16.E.V 16.M.C 16.E.W 1.5 1.7
17146  TommoSoTengoTongo (1P1 subject pronominal) d d 7 X Y 17 17.¥.v 1.5




Cognate detection: the cognate set

e Alignments can be obtained using the Alignment class in Lingpy:
e Alignments can then be visualized using Edictor (List et al 2017).

o [oocuiect  |concert |wa  |Toxens  |coei

8954 || BankanTey {man's) sister || pdja+m EXRREN o || [282= ]
8955 || BenTey (man's) sister || poja.a EERREREN

DogulDomBendiely {(man’'s) sister

DogulDomKundialang || (man's) sister

DonnoSo (man’s) sister

DonnoSo {(man’'s) sister || jJa.asa.a




Cognate detection: the cognate set

Another option is to obtain the distance matrix calculated from the
cognate detection algorithm — the lower, the closer.

Heatmap of Dogon languages cognate detection
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Cognate detection: the cognate set

e An even more exciting option is to use the distance matrix to obtain a
phylogenetic tree (either via clustering algorithms, or the more

specialized methods like UPGMA)

Phylogenetic relationship among Dogon languages
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ombo
55 4 Innerl0 Bunoae
Innerl7 9
Tiranige
—| Innerl4 )
5.0 BonduSoMNajamba
ToroTegu
Togokan
7.5 4
IRera YornoSo
PergeTegu
) 10.0 Innerls JamsayGourou
= Innerls JamsayDouentza
TommoSoTongoTong
12.5
DonnoSo
e —— DogulDomkundialang
Innerlé nnerz )
15.0 - DogulDomBendiely
YandaDom
—l Innerll
TebulUre
17.5 Innerl3
Manga
Inners BenTey
Inner4
20.0 BankanTey
T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
branch length




Conclusion

This study has sought to show how raw data, from an African linguistics

fieldwork, can be processed for automated computation in historical linguistics.
® An even more exciting approach involves going through a CLDF workflow

Three process have been noted as critical:
e Data formatting: ‘columnization’ and ‘rowing’
e Data cleaning: deletions and concatenations
e Data preparation: segmentation and stabilization

Once data is processed, various algorithms exist to conduct highly specialized
modeling that can give critical insights.

More importantly is the fact that, these methods are applicable to various
linguistic landscapes, and is especially useful for the African case, where debates
still rage on about some proposed phylogenetic relationships.

They thus can be used to either confirm these relationships, or call them into
question.



Data in this study: the raw data

e Data is from the Dogon and Bangime Linguistics project.
e Data similar to data curated by linguists working on the field.

Englizh frangais Toro Tegw (Tc Ben Tey (Ben Bankan-Tey ( Nanga {Anda. Donnoe So Jamsay (Dowe
domestic animez animal domestique {zurt ariizaka ~ arzi arsE-m 'V arss: javrdi-m'\javwe gassgE beliz AzEgE gAsEgE
(zb's) livestock bétail (I'ensemble des an 3 Jawrdi Jawrdi Janardd jawrdi, gassgs
(woung herder's amimal favori (d'un jew 3 gabél gafél Zaber gapél

camel chamean 1 3w -m I Et-mi\3peT dgd-nagd 3-yond IVI-pigd

cat chat ni-niw=E-m"'n nitmi-m"'nim dondiyé gamma ni-niwse

cow, bull (any t bovin (vache on taureau’ nana mE-m' i na-mnd: nana ana nana

calf wveau nana-lir*-i:] na: yi-m na-yi-m''na- nana yi: ana-i- nan-i=

cow (female) wache nana-ya na: yi-m nana va: nand-na:

cow that has ca vache qu a mis bas ann 3 nana-ya-na: ha na-m na-vi-mina- nana dée:

cow (with a cal vache (avec un wveau) 3 fna: yayd-m nana yi: dé: AN a-na:
heifer, voung c: génisse, jeune vache (gu naga-ya girédy na: grd-m  wizge-m'\wiig nana gord, nas naga-gols nagna gors
bull tauresm nana-ara nar arta-m nana ar=a nana ana nana ar=a
bull {castrated) taureau (castre) naga-ara polit na: part-m  na-arfd-m''né nana pori nana par-a nana pard

bull (uncastrate taurezm (non castre) nana-ara bobé na: jaggid-m  na-ji-mi\nd - nana jagi nani kilandi nanid jin

bull (uncastrate taurezau (non castre, jeun 3 na: jar kirim nana korobari nana korobs:r

dog chien injg-m'injz  fjérd-mAjén nerti ida ijna




Thank you

All code used for this presentation is publicly available on Github at:
https://github.com/PromiseDodzi/UCAD-presentation
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