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Overview of the Source & Output

• ‘Vocabulario en lengva misteca’ published by the Dominican Francisco de 
Alvarado (1593) 

• Variety from Teposcolula Mexico (Mixteca Alta)

• Classical Mixtec/Colonial Mixtec/Yucu Ndaa

• Entries based on three earlier dictionary sources: 

• Castilian-Nahuatl (Valley of Mexico, 1571)

• Castilian-Zapotec (Valley of Oaxaca, 1578)

• Castilian-Latin (1492)

• PDF re-organized, modernized version ‘Voces de Dzaha Dzahui’ (Jansen & 
Pérez Jiménez, 2009)

• TEI dictionary produced contains roughly 26,600 entries and related entries. 

• Structure is TEI Lex-0 compatible



Utility/Purpose of Endeavour

• Increase coverage of relevant lexical material in 
Mixtepec-Mixtec documentation (ISO 693-3 [mix])

• Link and cross-reference in Mixtepec TEI dictionary

• Machine searchable data set for: 

• study of the Yucu Ndaa variety 

• historiographical and philological research

• Create a more cohesive body of pan-Mixtecan resources

• Vocabulary for cross Mixtecan comparison; (81 Varieties of 
Mixtec)

• TEI format can easily be exported into other formats for 
non-TEI users



La Mixteca (Mixtec Region)

Mixtepec-Mixtec
San Juan Mixtepec

Juxtlahuaca

Yucundaa/Teposcolula
San Pedro & San Pablo Teposcolula



Versions of Resource
• Original (Printed: 1593) > (facsimile edition 1965)

• Mesolore (Bakewell & Hamman, 2001) 
• Digitized from scanned copy

• Jansen and Pérez Jimenez 2009



Comparisson of Resource Versions

Aceptar persona. Yodzacainuundi 
yositoninondita, f. coto, yotniño 
nuundita, yonaquai nuund

yodza cay noondi: deshollejar; abajar la cabeza para mirar 
algo profundo; aceptar persona; anillo poner en el dedo; 
echar los ojos en algo; inclinarse bajando la cabeza para mirar 
hacia abajo; poner los ojos en algo para hurtarlo; poner los 
ojos en algo que parece bien

yosito ninondita, futuro coto: aceptar persona 

yotniño nuundita: aceptar persona

yona quay nuundita: aceptar persona 

(Mesolore 2001 Version) (Jansen & Pérez Jiménez 2009 Version)



OCR & Indigenous/Low-Resource Language 
Dictionaries

• Maxwell and Bills (2017) : 
• Tzeltal-English, Muinane-Spanish & Cubeo-Spanish 
• XML output

• Ranaivo-Malançon et al. (2017):
• Melanau Mukah-Malay
• PDF > HTML files > plain text
• parsed using a Python



GROBID Dictionaries

• Cascading parsing of print dictionaries (see eLex 
paper: Khemakhem et al. 2017).

• Conditional Random Fields (CRF) (Lavergne et al., 
2010) combined with dedicated libraries for 
manipulating PDF documents
• end-to-end extraction of lexical structures into TEI 

compliant resources



GROBID Dictionaries



GROBID Sampling

Model Training Evaluation

Dictionary Body 

Segmentation

572   <entry> 270   <entry>

Lexical Entry 572   <sense>

572   <lemma> 

28     <inflected>

10     <re>

269   <sense>

270   <lemma> 

10     <inflected>

4       <re>

Sense 856   <subSense> 302   <subSense>

Form 787   <orth>

31     <part>

31     <gramGrp>

269   <orth>

11     <part>

11     <gramGrp>

SubSense 905   <def>

32     <usg>

7       <gramGrp>

9       <translation>

319   <def>

11     <usg>

8       <gramGrp>

2       <translation>



Evaluating GROBID Output

Model Label Precision Recall F1

Lexical Entry <inflected> 90 90 90

<lemma> 99.26 99.26 99.26

<pc> 98.94 99.29 99.12

<sense> 100 100 100

<re> 0 0 0

Sense <subSense> 100 100 100

<pc> 100 100 100

Form <gramGrp> 100 90.91 95.24

<orth> 98.18 100 99.08

<part> 70 63.64 66.67

SubSense <def> 91.84 95.3 93.54

<gramGrp> 100 25 40

<pc> 76.81 88.33 82.17

<translation> 100 100 100

<usg> 60 90 72



Integration into Mixtepec-Mixtec Project: 
TEI Structure of Output
• Goal to match the structure used in the Mixtepec-

Mixtec TEI dictionary (Bowers & Romary 2018)

Mixtepec-Mixtec Classical Mixtec

nchika [nʒiká] (noun)

[FRUIT] plantain, plátano

<entry xml:id="fruit-plaintain">

<form type="lemma">

<orth xml:lang="mix">nchika</orth>

<pron xml:lang="mix" notation="ipa">nʤiká</pron>

</form>

<gramGrp>

<pos>noun</pos>

</gramGrp>

<sense corresp="http://dbpedia.org/resource/Plantain">

<usg type="domain">Fruit</usg>

<cit type="translation">

<form>

<orth xml:lang="en">plantain</orth>

</form>

</cit>

<cit type="translation">

<form>

<orth xml:lang="es">plátano</orth>

</form>

</cit>

</sense>

...

</entry>

<entry xml:id="plátano">

<form type="lemma">

<orth>chita</orth>

</form>

<gramGrp>

<pos>noun</pos>
</gramGrp>

<sense corresp="http://dbpedia.org/resource/Plantain">

<usg type="domain">Fruit</usg>

<def xml:lang="es">plátano</def>

<def xml:lang="en">plantain</def>

</sense>

</entry>

chita (noun)

[FRUIT] plantain, plátano



<entry xml:id=“andevui”>

<form type="lemma">

<orth>andevui</orth>

</form>

<pc>:</pc>

<sense>

<def xml:lang=“es">cielo</def>

</sense>

</entry>

<entry xml:id="sky">

<form type="lemma">

<orth xml:lang="mix">antivi</orth>

….

</form>

<sense corresp="http://dbpedia.org/resource/Sky">

<usg type="domain">Earth</usg>

<cit type="translation">

<form><orth xml:lang="en">sky</orth></form>

</cit>

<cit type="translation">

<form><orth xml:lang="es">cielo</orth></form>

</cit>

</sense>

<etym type="inheritance">

<seg type="desc" xml:lang="en">Attested in:</seg>

<xr type="crossReference">

<lang>Yucu Ndaa</lang>

<ref type="entry">andevui</ref>

<ref type="bibl" source="alvarado:andevui">Alvarado</ref>

<date>1593</date>

</xr>

</etym>

</entry>

Integration into Mixtepec-Mixtec Project: 
Etymological/Historical Resource

antivi
[EARTH] sky, cielo

(Etymology)
Attested in: Yucu Ndaa andevui (Alvarado 1593) 



Integration into Mixtepec-Mixtec Project: 
Comparative Mixtecan Applications

Yucu Ndaa
dzini

(Alvarado, 1593)

Chalcatongo Mixtec
šinì

(Macaulay, 1996)

Ayutla Mixtec
shīhih

(Hill, 1990)

San Martín Duraznos Mixtec
ʃīɲī

(Padget, 2017)

Guadalupe Nundaca Mixtec
ʃīɲī

(Padget, 2017)

Mixtepec-Mixtec
xini
[ʃiní]

Coatzospan Mixtec
rkɨ

(Small, 1990)



TEI Structure of Output: Senses
• In 2009 source, separate senses were separated by 

semicolons and separate glosses (same sense) 
separated by commas

ñuhu nisitu: cavada tierra; labrada tierra ñuhu tisaha: fofa cosa, como tierra

<entry xml:id="ñuhu_tisaha">

<form type="lemma">

<orth>ñuhu tisaha</orth>

</form>

<pc>:</pc>

<sense>

<def xml:lang="es">fofa cosa</def>

<pc>,</pc>

<def xml:lang="es">como tierra</def>

</sense>

</entry>

<entry xml:id="ñuhu_nisitu">

<form type="lemma">

<orth>ñuhu nisitu</orth>

</form>

<pc>:</pc>

<sense>

<def xml:lang="es">cavada tierra</def>

</sense>

<pc>;</pc>

<sense>

<def xml:lang="es">labrada tierra</def>

</sense>

</entry>



<entry>

<form type="lemma">

<orth>yosico ini tnahandi</orth>

</form>

<pc>,</pc>

<gramGrp>

<pos>verb</pos>

</gramGrp>

<form type="inflected">

<gramGrp>

<gram>futuro</gram>

</gramGrp>

<orth extent="part">cuico</orth>

</form>

<pc>:</pc>

<sense>

<def xml:lang="es">aficionados estar dos</def>

</sense>

</entry>

TEI Structure of Output: Inflected forms
• Some entries have inflected forms, but they are usually 

only part of a MWE, these are indicated by italics 
following a comma on the left side of the colon delimiter

yosico ini tnahandi, futuro cuico: aficionados estar dos

Added post conversion



Output: Collocate Phrases, Usage

<entry xml:id="caa_ndodzo_ninondi">

<form type="lemma">

<orth>caa ndodzo ninondi</orth>

<pc>(</pc><colloc>nuu sito</colloc><pc>)</pc>

</form>

<pc>:</pc>

<sense>

<def xml:lang="es">echado estar</def>

<pc>(</pc><usg type="hint">en la cama</usg><pc>)</pc>

</sense>

</entry>

caa ndodzo ninondi (nuu sito): echado estar (en la cama) 



Output: Modern Spanish Translations

• There were a number of modernized Spanish translations 
added by Jansen and Pérez Jiménez (2009) which were 
placed in square brackets, responsibility added.

da queyeni: aprisa; incontinenti [luego]; y luego; luego a la hora; temprano

<sense>

<def xml:lang="es">incontinenti</def>

<pc>[</pc><cit type="translation" resp="#M.E.R.G.E.N.J #G.A.PJ">

<form>

<orth xml:lang="es">luego</orth>

</form>

</cit><pc>]</pc>

</sense>



Enhancing Output: Etymology
• Want to add linguistic analysis of etymology, in TEI do so 

according to Bowers & Romary (2016), Bowers & al. (2018)

<entry xml:id="yosa_ndehe_ichi">

<form type="lemma"> 

<orth>yosa ndehe ichi</orth>

</form>

<sense> 

<def xml:lang="es">fenecer</def><pc>,</pc>

<def xml:lang="es">acabar el que muere</def>

</sense>

<etym type="metaphor"> 

<seg type="desc">por metáfora</seg>

<cit type="etymon” resp=”#JB"> 

<form>

<orth>ichi</orth> 

</form> 

<def xml:lang="es">camino</def>

</cit> 

</etym> 

</entry> 

<entry>

<form type="lemma">

<orth>yosa ndehe ichi</orth>

</form>

<pc>:</pc>

<sense>

<def xml:lang="es">fenecer</def><pc>,</pc>

<def xml:lang="es">acabar el que muere</def>

<pc>(</pc>

<usg>por metáfora</usg>

<pc>)</pc>

</sense>

</entry>



Enhancing output:

GROBID process overall successful in converting 
contents of PDF into TEI. Howerver, further manual and 
semi-manual encoding enhancements were necessary 
These were necessary due to either:

• a lack of sufficient tokens required for the machine 
learning process

• make it more compatible with the Mixtepec-Mixtec 
TEI corpus



Potential Future Endeavours:

• Add English and Mixtepec-
Mixtec translations

• Use as basis for a cross-Mixtec 
LR by adding translations from 
other Mixtec varieties as well

• Create TEI versions of the two 
related historical indigenous 
dictionaries published by the 
OP:
• Molina 1571 (Nahuatl)
• Cordova 1575 (Zapotec)

• Expand capacity of GROBID to 
be able to extract linguistic 
examples and content from 
linguistic papers



Conclusion

• GROBID can handle the vast majority of the work needed to 
create a highly structured TEI dictionary from PDF resources.

• Problem in achieving full standardization due to lack of language 
tag for the Mixtec variety as well as the early modern Spanish 
used in source

• Due to certain issues pertaining to the source document 
(structure and the sample size of certain structures) significant 
further manual and semi-manual work is required

• Enhancements by humans who understand certain details that 
are only accessible through detailed study are necessary. 

• Sets further precedent for the use of TEI in digital lexicography in 
maximum integration of LR for indigenous/low-resource 
languages


