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Methods for
Lexical Comparison

® Comparative Method

® Swadesh Method

® Black Box Method

® Alignment Method

® Sound Change Method
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Swadesh Method

¢ Necessary prerequisite
known cognacy in parallel wordlist

¢ Method
Reconstruct history from
distribution of cognates



Swadesh Method

e Language distances
Swadesh (1952)

e Stochastic model with first tree
Sankoff (1969), Dobson (1969)

¢ Modern replacement model
GI"&)’ & Jordan (2000)(GI eeeee 1959)
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Swadesh, Morris. 1952. Lexico-Statistic Dating of Prehistoric Ethnic Contacts:With Special Reference to North American
Indians and Eskimos. Proceedings of the American Philosophical Society 96(4). 452-463.
Swadesh, Morris. 1959, “Linguistics As An Instrument of Prehistory. Southwestern Journal of Anthropology |15, no. |:20-35.



David Sankoff Annette |. Dobson

Dobson, A ]. "Lexicostatistical Grouping." Anthropological Linguistics |1, no.7 (1969):216-221.
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Fig, 16, Tree of Indo-European languages as reconstructed from data in Table &,
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Sankoff, D. "Historical Linguistics As Stochastic Process." PhD Dissertation. McGill University, 1969.
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Gray, Russell D, and Fiona M Jordan. "Language Trees Support the Express-train Sequence of
Austronesian Expansion." Nature 405 (2000): 1052-1055.
Gleason, H A. "Counting and Calculating for Historical Reconstruction." Anthropological
Linguistics |, no.2 (1959):22-32.
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Black Box Methods

¢ Necessary prerequisite
Global orthographic model
(“'same alphabet for all data”)

¢ Method
Compare global orthographic similarity



Black Box Methods

o Aggregate Levenshtein Distance
Batagelj et al. (1992), Kessler (1995)

¢ N-Gram Similarity
Huffman (1998)

o Zipping Distance
Benedetto et al. (2002)
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N-Gram
Similarity
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Appendix 9. Divergence from reference classification

Text display:
N-gram Length 1 2 3 4 ] 6 4
Chained, No centroid 514 278 302 217 344 539 490
Not Chained, Centroid 286 208 161 176 302 379 375
Not Chained, No Centroid 514 278 302 228 344 417 383
Chained, Centroid 286 208 161 188 246 261 493
Suppress Negative 360 506 233 215 307 420 491
Divergence from Reference Classification vs. n-Gram Length
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Albanian [Albany]

Benedetto, Dario, Emanuele Caglioti, and Vittorio Loreto. "Language Trees and Zipping." Phys. Rev. Lett. 88, no. 4 (2002)



Zipping

Normalized C(xy) —min{C(x),C(y)}

Compression Distance NCD(x,y) max{C(x),C(y)}

(C = compressed size)
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Cilibrasi, R, and PM.B.Vitanyi. "Clustering by Compression." |IEEE Transactions on Information Theory 51, no. 4 (2005),
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Alignment Method

¢ Necessary prerequisite
Global orthography model and parallel wordlist

¢ Method
Discover sound correspondences, possibly
together with decision on cognacy



Alignment Method

e Alighment
Covington (1996, 1998)

® Relation to Levenshtein
Kondrak (2000)

e Multiple Alighment
Bhargava & Kondrak (2009), Prokic et al. (2009)
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Covington, Michael A. "Alignment of Multiple Languages for Historical Comparison." In Proceedings of the 36th Annual Meeting of
the Association for Computational Linguistics and |7th International Conference on Computational Linguistics. | 998.



Covington’s alignments ALINE’s alignments
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Kondrak, Grzegorz. "A New Algorithm for the Alignment of Phonetic Sequences." In Proceedings of the Ist North
American Chapter of the Association for Computational Linguistics Conference. Morgan Kaufmann Publishers Inc., 2000.



D——FE—-N-
/L——EB——N-
DZI1E—-N-
DI-FE——NA
D——1-—-A-
D——1—-—-F-
/——U——Lk—
J——0—--UR
DJ-0—-U-

Bhargava, Aditya, and Grzegorz Kondrak. "Multiple Word Alignment with Profile Hidden Markov Models." In Proceedings of Human
Language Technologies: The Annual Conference of the North American Chapter of the Association for Computational Linguistics,
Companion Volume: Student Research Workshop and Doctoral Consortium (NAACL-HLT 2009). Boulder, Colorado: Association for
Computational Linguistics, 2009.
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Proki¢, Jelena, Martijn Wieling, and John Nerbonne. "Multiple Sequence Alignments in Linguistics." In Proceedings of the
EACL 2009 Workshop on Language Technology and Resources for Cultural Heritage, Social Sciences, Humanities, and
Education (LaTeCH-SHELT&R 2009). Association for Computational Linguistics, 2009.
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Sound Change Method

¢ Necessary prerequisite
(Large) parallel wordlist,
but no global harmonized orthography

¢ Method
Discover sound correspondences through
regularity, and use that to discover cognacy




Sound Change Method

® Rule-based automatic reconstruction
(Hewson 1973, Lowe & Mazaudon |994)

® Sound co-occurrence
Ross (1947)

® Cross-script mapping
Cysouw & Jung (2007)



Lowe, John Brandon, and Martine Mazaudon. "The Reconstruction Engine: A Computer
Implementation of the Comparative Method." Computational Linguistics 20, no. 3 (1994): 381-417.

Program

Table

Table

Dictionary of
Tukche
4kin ‘neige’
e Hp§ ‘oeil’
2gar 'maison'

{ Dictionary of
Manang
khy ‘anow’
— 2p4 ‘eye’
\.

Program

Table

Table

{ Sorted N 4 possible N
Reconstructions Protoforms
3gliy  tuk %in ‘meige’ (for Tukche)
man ‘khi 'snow Pglin  tuk %in 'neige’
teg 4%hlip ‘snow’ 3glin tuk %in ‘meige'
sya 4lim ‘snow’ = Bgin tuk %in 'neige’
Bgip tuk %in meige’
Bglin tuk 4kin 'neige’
man 4khy ‘snow’ Bhpmit  tuk ¥mi ‘oeil’
Bhpit tuk Hmi ‘'oeil’
B3qglim man <9khy 'snow’ thni tuk Enmi ‘oeil'J
sya 4lin 'snow’
g1y tuk “4kin 'neige’ 4 possible )
man 9khi ‘snow’ Protoforas
(for Manang)
Bgin tuk “kin 'neige’ Bgliy man %bhT ‘snow’
man kbI ‘snow' Bglin man %RY 'snow'
N e Bglim man 9hI 'snow’
dgim man 4khyi 'snow’ Bgin man 9kh3 'snow’
Bgiy man 49kbhi 'snow’
Plip sys 4lim 'snow’
. Bhgik  man Zmi ‘eye’
Plin aya 4lin ‘snow’ ehmit man Zmi ‘eye’ )
4 possible A
Protoformas
ete... (for Taghung)
Bglin tag %kblip 'snow’
“— Bmit tag 2mi: ‘eye’
Bhmi: tag %mi: ‘sye’
\. J/
d possible A
Protoforas
(for Syang}
Bglin  asya lim ‘anow’
Bglim sya 41lim ‘snow’
— Blin 3ya 4lim 'snow’
Blin aya 4lim 'snow’
Bhpie sya Zmi ‘'eye’
Phpi sya 2pj ‘'eye’
L ) Chmi: aye Zni ‘eye’ y

( Dictionary of
Taglung
4khlin ‘'snow'
< 2mi: ‘eye’
\.
é Dictionary of
Syang
Kin ‘snow’
—1 2n4 ‘eye'
\.




Now let me put the matter more rigidly. Suppose I take
1000 common ideas, numerals, patts of the body, names of relatives,
etc. and express them in English and German. I now prepare a Table
of the following kind: |
English “— German

v t,
[pf} | [es] [t] (£] | ] el eeeeeeiannnn.. ;
[p] XXx X [
| X x

nl |

x XX xnl X

[t} X XX |
X

{d] X x x9 x4

|

Ross,Alan S C. "Philologica Mathematica." Casopis Pro Moderni Filologii 31 (1947): 102-108, 185-191.



Cross-script mapping

freq | dice
184 | 0.88874745
115 | 0.8461936
104 | 0.79646295
114 | 0.7927922
165 | 0.7701921
47 | 0.7699933
184 | 0.7510106
21 | 0.74458015
50 | 0.7388723
102 | 0.7034591
221 | 0.6866478
40 | 0.6449104
77 | 0.6251676
219 | 0.59066784
32 | 0.525643
46 | 0.46787763
42 | 0.381996

O o0 0 =" KO0 B ~»v —35 |
3 02418 0 gmo|R

N WOV R o B M

Cysouw, Michael & Hagen Jung. 2007. Cognate identification and alignment using practical orthographies. Proceedings of
Ninth Meeting of the ACL Special Interest Group in Computational Morphology and Phonology, 109-1 | 6.
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Cross-script mapping

® |gnore linear structure of words
“bag of symbols™ approach

® Use parallel wordlist to estimate
co-occurrences of n-grams

® N-grams that have a high probability of
co-occurrence in parallel meaning are
interested for historical linguistics
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Bora Muinane| Bora Muinane
#K #Kk" #1 #1 #1 #1
ki kP ur #a #a #m #m
se ts"i di ti mi muI
Xe Xi du to ni nuwI
ga k“a #d #t us tshi
ba pa #S #tsP #t #th
#b #P gi tfi ig wk™
e# 17 ni ni # #p"
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Using bigram matching
for cognate detection

® Bora‘two’: min'éékMuul
Muinane ‘two’: miinoki



Using bigram matching
for cognate detection

® Bora‘two”: min’éék uul
Muinane ‘two’:  miinoki

® Extension of Levenshtein (1966):
Needleman-Wunsch (1970)
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Levenshtein

H#Hm

mi

in

no

ok

k+

#

Hm

mi

Levenshtein,V |. "Binary Codes Capable of Correcting Deletions,

Insertions, and Reversals." Soviet Physics Doklady 10 (1966): 707-710.




Needleman-VWunsch

Hm mi i in no ok k+ #H
#m 22 3 2 2 2 2 2 2
mi 4 12 2 2 5 | | |
in’ 2 | 5 9 3 | | 2
nle | | 5 5 4 | | 2
ee 3 3 3 3 6 2 2 2
ek” | 2 | | 4 2 3 2
k'w 2 2 2 2 2 | 23 2
wiwi 2 2 3 3 2 2 4 4
Wi 2 2 3 2 3 | 3 4

Needleman, S B,and C D Wunsch. "A General Method Applicable to the Search for Similarities in the Amino Acid
Sequence of Two Proteins." Journal of Molecular Biology 48, no. 3 (1970): 443-453.




Hm mi i in no ok k+ #H
#m 22 3 2 2 2 2 2 2
mi 4 12 2 2 5 | | |
in’ 2 | 5 9 3 | | 2
nle | | 5 5 4 | | 2
ee 3 3 3 3 6 2 2 2
ek” | 2 | | 4 2 3 2
k'w 2 2 2 2 2 | 23 2
wiwi 2 2 3 3 2 2 4 4
Wi 2 2 3 2 3 | 3 4




Hm mi i in no ok k+ #H
#m 22 3 2 2 2 2 2 2
mi 4 12 2 2 5 | | |
in’ 2 | 5 9 3 | | 2
nle | | 5 5 4 | | 2
ee 3 3 3 3 6 2 2 2
ek” | 2 | | 4 2 3 2
k'w 2 2 2 2 2 | 23 2
wiwi 2 2 3 3 2 2 4 4
Wi 2 2 3 2 3 | 3 4




Hm | mi i in no ok | kit Hf
#m | mi in’ ne | ee | ek" | K'w | ww | wH
#m | mi i in no | ok ki it
#m | 22 3 2 2 2 2 2 2
mi 4 12 2 2 5 | | |
in’ 2 | 5 9 3 | | 2
nle | | 5 5 4 | | 2
ce 3 3 3 3 6 2 2 2
ek” | 2 | | 4 2 3 2
K'wi 2 2 2 2 2 | 23 2
ww | 2 2 3 3 2 2 4 4
w# | 2 2 3 2 3 | 3 4




Witoto Murui

HAND onoo onodzwt
WE X0XO koko
HOUSE $oo do
DOG ho?xo huko
JAGUAR ho?xo huwko
FATHER moo moo
HUMMINGBIRD partii?to $ibido
TREE amuiuipa amena
STICK amuiuina amena
WHO b bu
SLEEP uiuind wnu
AGOUTI duiuito ¢uwdo
THIS bii bie
THIS ba?i bie
NAME maamuu mameku
DAY moopa aremona
BOW tsipéxata Owkuira
HEAR xaaxa kakade
DAY mopamo aremona

Ocaina Witoto Murui
GREASE $ahii dare
YOU (PLURAL) mo? omout
THIS bu bie
ARROW owd’dat'a dukwirabu
SPEAR owd’data dukwirabu
LIP $par667ko due igowr
GREEN mox066s0 mokorede
I X0 kue
ONE ta dahe
WE X0 kaw
TOOTH a?tii?to iBido
MOUTH doour due
BELLY gaaho hebe
FATHER mooho moo
YOU (PLURAL) mo?X0 omuiko
SWAMP xonuwiuifaga kumere
RAT munddko mipure
PATH, TRAIL naaho nawdo
OWL mo66n6ho monuifur
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Conclusion

® Regular sound change is a very powerful
notion to investigate language history

® We knew that for a long time !
we just seem to have forgotten about it in computational approaches
® Regular symbol correspondence can

relatively easily be discovered statistically
before cognate identification

® Reversing the comparative method
first sound change, then cognacy judgement



