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How do inflectional paradigms change ?

Latin, present tense
1sg 2sg 3sg 1pl 2pl 3pl

cantare kantoː kantaːs kantat kantaːmus kantaːtis kantant
dicere diːkoː diːkis diːkit diːkimus diːkitis diːkunt
facere fakioː fakis fakit fakimus fakitis fakiunt
tenere teneoː teneːs tenet teneːmus teneːtis tenent
uenire wenioː weniːs wenit weniːmus weniːtis weniunt
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How do inflectional paradigms change ?
Modern standard Romanian, present tense

1sg 2sg 3sg 1pl 2pl 3pl

cantare ˈkin̵t ˈkin̵tsʲ ˈkin̵tə kin̵ˈtəm kin̵ˈtaʦʲ ˈkin̵tə
dicere ˈzik ˈziʧ ˈziʧe ˈziʧem ˈziʧeʦʲ ˈzik
facere ˈfak ˈfaʧ ˈfaʧe ˈfaʧem ˈfaʧeʦʲ ˈfak
tenere ˈʦin ˈʦii ˈʦine ˈʦinem ˈʦineʦʲ ˈʦin
uenire ˈvin ˈvii ˈvine veˈnim veˈniʦʲ ˈvin

Modern standard Spanish, present tense
1sg 2sg 3sg 1pl 2pl 3pl

cantare ˈkanto ˈkantas ˈkanta kanˈtamos kanˈtajs ˈkantan
dicere ˈdiɣo ˈdiθes ˈdiθe deˈθimos deˈθis ˈdiθen
facere ˈaɣo ˈaθes ˈaθe aˈθemos aˈθejs ˈaθen
tenere ˈteŋgo ˈtjenes ˈtjene teˈnemos teˈnejs ˈtjenen
uenire ˈbeŋgo ˈbjenes ˈbjene beˈnimos beˈnis ˈbjenen

Beniamine, Maiden, and Round (2020) based on the Oxford Romance Database (2010))
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Morphomes
1sg 2sg 3sg 1pl 2pl 3pl

cantare ˈkanto ˈkantas ˈkanta kanˈtamos kanˈtajs ˈkantan
dicere ˈdiɣo ˈdiθes ˈdiθe deˈθimos deˈθis ˈdiθen
facere ˈaɣo ˈaθes ˈaθe aˈθemos aˈθejs ˈaθen
tenere ˈteŋgo ˈtjenes ˈtjene teˈnemos teˈnejs ˈtjenen
uenire ˈbeŋgo ˈbjenes ˈbjene beˈnimos beˈnis ˈbjenen
Modern standard Spanish, present tense

Morphomes (Aronoff, 1994)
Inflection classes: declensions and conjugation groups.

Metamorphomes (Round, 2015): such as stem spaces
They persist and spread (Maiden, 2018):

Why ? Recurrent patterns are predictible (Carstairs-McCarthy,
2010; Esher, 2015b; Blevins, 2016)
How ? By analogy
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Mechanisms of paradigm change

dicere
1sg 2sg 3sg 1pl 2pl 3pl
Latin

PRS.IND diːkoː diːkis diːkit diːkimus diːkitis diːkunt
PRS.SBJV diːkam diːkaːs diːkat diːkaːmus diːkaːtis diːkant

Spanish
PRS.IND ˈdiɣo ˈdiθes ˈdiθe deˈθimos deˈθis ˈdiθen
PRS.SBJV ˈdiɣa ˈdiɣas ˈdiɣa diˈɣamos diˈɣajs ˈdiɣan

Sound changes affect phonemes in specific contexts

Analogical changes remodels forms by copying alternation
patterns.
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Outline for this talk

What are the analogical processes which lead to the appearance,
persistence and spread of morphomes ?
1. Two interpretations of analogical change
2. Two very simple simulations of analogical change
3. Simulating the evolution of L/U patterns
4. Conclusion
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Predicting unknown cells

Paradigm Cell Filling Problem
What licenses reliable inferences about surface word forms ?
(Ackerman and Malouf, 2013)

Paradigm forms follow a zipfian distribution (Bonami and
Beniamine, 2016, Blevins and al. 2017)
Speakers fill unknown forms by relying on strong analogical
relations
measured by Ackerman and Malouf (2013, 2015) and Bonami
and Beniamine (2016) using entropy.
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Paradigm evolution driven by the PCFP

English
inf prs.3sg pst pst.ptcp prs.ptcp

live lɪv lɪvz lɪvd lɪvd lɪvɪŋ
dive daˑɪv daˑɪvz daˑɪvd daˑɪvd daˑɪvɪŋ
drive draˑɪv draˑɪvz drəˑʊv drɪvn̩ draˑɪvɪŋ
ride raˑɪd raˑɪdz rəˑʊd rɪdn̩ raˑɪdɪŋ

Analogical change happening in the context of the PCFP

Ackerman and Malouf (2015) ran simulations where, starting
from random paradigms, a model makes this type of analogical
change until the system is stable.
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Metamorphomes in Romance verbs

1SG 2SG 3SG 1PL 2PL 3PL
tenere

PRS.IND teneoː teneːs tenet teneːmus teneːtis tenent
PRS.SBJV teneam teneaːs teneat teneaːmus teneaːtis teneant

dicere
PRS.IND diːkoː diːkis diːkit diːkimus diːkitis diːkunt
PRS.SBJV diːkam diːkaːs diːkat diːkaːmus diːkaːtis diːkant

L and U patterns formed by sound changes (Maiden, 2018)
Yod Effect
Palatalization and Affrication of velars
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Metamorphomes evolution
1SG 2SG 3SG 1PL 2PL 3PL

PRS.IND teneoː teneːs tenet teneːmus teneːtis tenent
PRS.SBJV teneam teneaːs teneat teneaːmus teneaːtis teneant
Latin, tenere

PRS.IND ˈteŋgo ˈtjenes ˈtjene teˈnemos teˈnejs ˈtjenen
PRS.SBJV ˈteŋga ˈteŋgas ˈteŋga teŋˈgamos teŋˈgajs ˈteŋgan
Spanish, tenere

Maiden (2018): These are oǒten preserved

”We can be sure that speakers have made such generalizations
because the L/U pattern turns out to be a historical leitmotif of the
romance verb.” Maiden (2018)
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Metamorphomes evolution
1SG 2SG 3SG 1PL 2PL 3PL

PRS.IND possum potes potest possumus potestis possunt
PRS.SBJV possim possiːs possit possiːmus possiːtis possint
Latin, posse

PRS.IND ˈposu ˈpɔdiʃ̵ ˈpɔdi ̵ puˈdemuʃ puˈdɐjʃ ˈpɔdɐ̃ĩ
PRS.SBJV ˈposɐ ˈposɐʃ ˈposɐ puˈsɐmuʃ puˈsajʃ ˈposɐ̃ũ
Portuguese, posse

Maiden (2018): These are oǒten preserved and extended, even
to different types of alternations

”We can be sure that speakers have made such generalizations
because the L/U pattern turns out to be a historical leitmotif of the
romance verb.” Maiden (2018)
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Modelling analogical change

What kind of analogical change replicate morphomic patterns ?
Can identity analogy improve predictibility ?

Starting with random paradigms,
1. Hold out one value,
2. Predict it using an analogical model.
3. Replace the previous value
This was 1 cycle. Repeat until stable
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Random paradigms

100 lexemes (rows)
8 paradigm cells (columns)
A total pool of 6 possible allomorphs (numbers)
Each cell has only 3 allomorphs
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Substance based analogy

argmax
x

P(B = x|A = y)

Pick a lexeme l and two cells A,B. We predict lB knowing A
Select the lexemes with the same value as l in cell A
Predict the most likely value in B from these lexemes.

inspired by Ackerman and Malouf (2015)
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Identity based analogy

argmax
X

P(X == B)

Pick a lexeme l and a cell B. We predict lB.
Select the cell X with the highest probability to be identical to B
Copy the value of l from X to B

inspired by Esher (2015b,a, 2016, 2017)
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Results: Substance analogy

We run each model 20 times 14 / 27



Results: Identity analogy

We run each model 20 times 15 / 27



Paradigm entropy
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Cell entropy
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Morphome evolution
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Metamorphomes: hopkins statistic
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Conclusion on random models

Identity analogy is necessary to obtain metamorphomes
Conformity bias is crucial ! (contrast to Esher, 2017)
We should be careful of assuming substance analogy when
measuring the PCFP !

The metaphors we entertain when dealing with artificial data
have an impact on our measurements
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Can these spread the L/U patterns ?

1SG 2SG 3SG 1PL 2PL 3PL
tenere

PRS.IND teneoː teneːs tenet teneːmus teneːtis tenent
PRS.SBJV teneam teneaːs teneat teneaːmus teneaːtis teneant

dicere
PRS.IND diːkoː diːkis diːkit diːkimus diːkitis diːkunt
PRS.SBJV diːkam diːkaːs diːkat diːkaːmus diːkaːtis diːkant

amare
PRS.IND. amoː amaːs amat amaːmus amaːtis amant
PRS.SBJ. amem ameːs amet ameːmus ameːtis ament

From LatinFlexi (Pellegrini and Passarotti, 2018), keep:
100 lexemes and 12 cells

the last stem C, marking YE / PAV environments by [ʲ]
Code this on integers (colors)
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Results

initial substance analogy identity analogy
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Metamorphomes: hopkins statistic
U/L dataset
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Evolution of L/U patterns

24 / 27



What next ?

This is a work in progress. Possible improvements:
A mixture of both models
Adding sensitivity to (token) frequency
Changing more than one cell at once (N parameter)
Adding conditioning for analogy (closer to Beniamine and
Bonami, 2019)
Simulating a tree-shaped evolution
Comparing to the same measures on actual romance paradigms
(Beniamine, Maiden, and Round, 2020)
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Conclusion

The typical ”affix conditional entropy” view of the PCFP can
account for the development of inflection classes, but not
morphomes
Identity patterns should not be ignored, they are an important
part of the implicative structure of paradigms, and can drive
evolutionary processes.
Analogy can mean many things: more work is necessary to
understand exactly how it operates in inflection.
This work is at the very start of a larger morpho-phonology
project
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Thank you for your attention.
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Paradigm entropy
U/L dataset
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Cell entropy
U/L dataset
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Morphome evolution
U/L dataset
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