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Sound Similarities

• Manually specified 
(Kondrak 2002; Heeringa 2004)

• Hidden Markov Models
(Bhargava & Kondrak 2009)

• Regular multi-alignment
(Prokić 2010; Steiner, Stadler & Cysouw 2011)

• Bayesian inference
(Prokić 2010)

• Investigating almost identical words
(Holman, Brown & Wichmann 2011)



Graphemic Normalization

• Widespread idea: 
“Convert everything into IPA”

• IPA is just another orthography !
(only approximation of sound)

• Still: sound-based normalization is practical 
(but there are strong differences !)

• But: can we do without ?
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Graphemic parsing

• Unicode normalization
ṍ vs. o   ̃   ́

• Orthographic parse
(separate orthographic units as used in the 
source: “graphemes”)

• Orthographic normalization
(research specific!)



Graphemic parsing

• Code points	
 (7) 	
 t  	
s   ʰ  o    ̃    ́  :

• Characters	
 	
 (4) 	
 t  	
sʰ   ṍ   :

• Graphemes	
	
 (2) 	
 tsʰ   ṍ:



Cross-script mapping

E F freq dice
ar ar 21 1
in in 26 1
on on 22 1
an an 22 1
m m 80 0.92786
n n 188 0.92161
c c 120 0.91815
p p 78 0.91798
r r 277 0.91665
f f 35 0.90647
l l 132 0.90534
v v 26 0.90346
t t 165 0.8719
b b 44 0.86301
s s 126 0.85915
d d 66 0.82913
o o 192 0.82325
e e 417 0.81479
a a 229 0.81367
g g 34 0.79683
h h 53 0.7856
i i 183 0.75961
u u 94 0.69546
...

...
...

...

Table 5: Best English (E) and French (F) multi-gram
mappings after 30 iterations.

The character-independence of our method is il-
lustrated by the character mapping between English
and Russian in Table 6. Shown in the table are only
the highest ranked orthographic mappings. Again
we see an almost complete alphabetic linkage, prob-
ably caused by the French loanwords shared by both
English and Russian.
With this approach, we are also able to find some

vestiges of sound changes, as illustrated by the char-
acter mapping between Spanish and Portuguese in
Table 7. Shown here are only the highest ranked
non-identical multi-grams. The dice coefficients of
the pairs �h�−�ll�, �f�−�h� show the results of sound
changes that were dramatically enough to be repre-
sented in the orthography. The pairs �ç� − �z� and
�n�−�ñ� show difference in orthographic convention
(though the best pair should have been �nh� − �ñ�).
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Figure 1: Histogram of dice-coefficients for
English-French multi-gram mappings.

E R freq dice
r r 184 0.88874745
n n 115 0.8461936
l l 104 0.79646295
s s 114 0.7927922
t t 165 0.7701921
m m 47 0.7699933
o o 184 0.7510106
k t� 21 0.74458015
p p 50 0.7388723
i i 102 0.7034591
a a 221 0.6866478
u u 40 0.6449104
c k 77 0.6251676
e e 219 0.59066784
b b 32 0.525643
w v 46 0.46787763
d d 42 0.381996
...

...
...

...

Table 6: Best English (E) and Russian (R) multi-
gram mappings after 30 iterations.
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‘bag of symbol” approach
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‘bag of symbol” approach
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Cross-script mapping

• Ignore 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





Bora Muinane

down ʧɨ́nʲe, paári báari, gíino

bee íímɯ́ʔóexpʰi, téʔtsʰipa nɨ́ɨ́bɨri, mɨ́ɨbɨriʔɨ

sharp tsʰɯ́ʔxi ̵βáne sɨ́ɨ́xéβano

… … …



Bora Muinane Bora Muinane Bora Muinane

#k #kʰ #i #i #n #n

kɨ kʰɯ #a #a #m #m

se tsʰɨ di ti mɨ mɯ

xe xɨ du to nɨ nɯ

ga kʷa #d #t us tsʰɨ

ba pa #s #tsʰ #t #tʰ

#b #p gi ʧi ɨg ɯkʷ

e# ɨ# ni ni #ɸ #pʰ



Using bigram matching

• Bora ‘two’: 	
	
 	
 mínʲéékʰɯɯ́

• Muinane ‘two’:	
	
 míínokɨ



#m mi ii in no ok kɨ ɨ#

#m 22 3 2 2 2 2 2 2

mi 4 12 2 2 5 1 1 1

inʲ 2 1 5 9 3 1 1 2

nʲe 1 1 5 5 4 1 1 2

ee 3 3 3 3 6 2 2 2

ekʰ 1 2 1 1 4 2 3 2

kʰɯ 2 2 2 2 2 1 23 2

ɯɯ 2 2 3 3 2 2 4 4

ɯ# 2 2 3 2 3 1 3 4
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#m 22 3 2 2 2 2 2 2

mi 4 12 2 2 5 1 1 1

inʲ 2 1 5 9 3 1 1 2

nʲe 1 1 5 5 4 1 1 2

ee 3 3 3 3 6 2 2 2

ekʰ 1 2 1 1 4 2 3 2

kʰɯ 2 2 2 2 2 1 23 2

ɯɯ 2 2 3 3 2 2 4 4

ɯ# 2 2 3 2 3 1 3 4
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Ocaina Witoto Murui

HAND on̥õõ onoʤɯ

WE xoxo koko

HOUSE ɸoo ɸo

DOG hõʔxo hɯko

JAGUAR hõʔxo hɯko

FATHER mõõ moo

HUMMINGBIRD ɸaʔtííʔtʲo ɸiθido

TREE am̥ɯ̃ɯ̃ɲḁ amena

STICK am̥ɯ̃ɯ̃ɲḁ amena

WHO bṍ bu

SLEEP ɯ́ɯ́nõ ɯnɯ

AGOUTI ɸɯ́ɯ́tʲo ɸɯdo

THIS bi ̃́i ̃́ bie

THIS baʔi bie

NAME maam̥ɯ mamekɯ

DAY mooɲḁ aremona

BOW tsipóxatʲa θɯkuira

HEAR xaaxa kakade

DAY moɲḁmó aremona

Ocaina Witoto Murui

GREASE ɸahi ̃i ̃ ɸare

YOU (PLURAL) mõʔ omoɯ

THIS bɯ bie

ARROW oɯdʲáátʲa dukɯraθɯ

SPEAR oɯdʲáátʲa dukɯraθɯ

LIP ɸaʔóóʔko ɸue igoɯ

GREEN moxóóso mokorede

I xõ kue

ONE tʲa dahe

WE xo kaɯ

TOOTH aʔtiiʔtʲo iθido

MOUTH ɸooɯ ɸue

BELLY gááho hebe

FATHER mõõhõ moo

YOU (PLURAL) mõʔxo omɯko

SWAMP xonɯ́ɯ́βaga kɯnere

RAT mɯɲṍṍko miɲɯe

PATH, TRAIL naahõ naɯθo

OWL mṍṍn̥õhõ monuiθɯ


