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-
How do inflectional paradigms change ?

Latin, present tense

1SG 2SG 3sG 1PL 2PL 3PL

CANTARE kanto: kanta:s kantat kanta:mus kanta:tis kantant
DICERE  ditko:  dikis di:zkit  ditkimus di:kitis dizkunt
FACERE  fakio: fakis fakit ~ fakimus fakitis fakiunt
TENERE teneo: tene:s tenet teneimus tene:tis tenent
UENIRE wenio: weni:s wenit weniimus weniitis weniunt
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-
How do inflectional paradigms change ?

Modern standard Romanian, present tense

1sG 256G 3sG 1PL 2PL 3pL
CANTARE 'kint 'kints’  'kinta  kin'tam kin'tats’  'kinta
DICERE  'zik 'zitf zife  ‘zitfem zifets'  ‘zik
FACERE  ‘fak fatf fatfe  ‘fatfem fatfets’  'fak
TENERE  tsin 'tsii 'sine  'tsinem tsinets’  'tsin
UENIRE  'vin 'vii 'vine  ve'nim ve'nits  vin

Modern standard Spanish, present tense

1sG 2SG 3sG 1PL 2PL 3PL

cANTARE  'kanto  'kantas ‘'kanta kan'tamos kan'tajs ‘'kantan
DICERE  'diyo 'diBes  'diBe  de'Bimos  de'@is 'diBen

FACERE  'ayo ‘aBes ‘aBe a'demos a'fejs ‘aBen
TENERE  tengo ‘tienes ‘tiene te'nemos  te'nejs  ‘tjenen
UENIRE  'bengo 'bjenes 'bjene be'nimos  be'nis  'bjenen

Beniamine, Maiden, and Round (2020) based on the Oxford Romance Database (2010))
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-
Morphomes
1sG 2SG 3sG 1PL 2PL 3PL

CcANTARE 'kanto 'kantas ‘'kanta kan'tamos kan'tajs ‘'kantan
DICERE  'diyo 'diBes  'diBe  de'Bimos  de'Bis ‘diBen

FACERE  'ayo ‘aBes ‘aBe a'Bemos a'Bejs ‘aBen
TENERE  tengo ‘tjenes ‘tjene te'nemos  te'nejs  ‘tjenen
UENIRE  'bengo 'bjenes 'bjene be'nimos  be'nis  'bjenen

Modern standard Spanish, present tense

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

1sG 25G 3sG 1PL 2PL 3pPL
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UENIRE ‘bengo  'bjenes  'bjene  be'nimos be'nis 'bjenen

Modern standard Spanish, present tense

m Morphomes (Aronoff, 1994)
m Inflection classes: declensions and conjugation groups.
m Metamorphomes (Round, 2015): such as stem spaces
m They persist and spread (Maiden, 2018):
m Why ? Recurrent patterns are predictible (Carstairs-McCarthy,
2010; Esher, 2015b; Blevins, 2016)
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Morphomes
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m Morphomes (Aronoff, 1994)
m Inflection classes: declensions and conjugation groups.
m Metamorphomes (Round, 2015): such as stem spaces
m They persist and spread (Maiden, 2018):
m Why ? Recurrent patterns are predictible (Carstairs-McCarthy,
2010; Esher, 2015b; Blevins, 2016)
m How ? By analogy
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-
Mechanisms of paradigm change

DICERE
1sG 25G 3sG 1PL 2pPL 3pL
Latin
PRS.IND di:ko: di:kis dizkit  ditkimus di:kitis di:kunt
PRS.SB)V = ditkam dizkazs  ditkat  ditka:mus  dikaitis  ditkant

Spanish
PRS.IND  'diyo 'dides  'diBe  de'Bimos  de'Bis 'diBen
PRS.SBJV = 'diya 'diyas  'diya  diyamos  diyajs 'diyan

m Sound changes affect phonemes in specific contexts
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-
Mechanisms of paradigm change

DICERE
1sG 25G 3sG 1PL 2pPL 3pL
Latin

PRS.IND di:ko: di:kis dizkit  ditkimus di:kitis *ditkent

PRS.SB)V = ditkam dizkazs  ditkat  ditka:mus  dikaitis  ditkant

Spanish
PRS.IND  'diyo 'dides  'diBe  de'Bimos  de'Bis 'diBen
PRS.SBJV = 'diya 'diyas  'diya  diyamos  diyajs 'diyan

m Sound changes affect phonemes in specific contexts

m Analogical changes remodels forms by copying alternation
patterns.
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e
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)

m Paradigm forms follow a zipfian distribution (Bonami and
Beniamine, 2016, Blevins and al. 2017)

m Speakers fill unknown forms by relying on strong analogical
relations

m 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  lv livz lzvd lzvd lzvin
DIVE dai1v dai1vz datvd daivd davin
DRIVE dra'tv drazvz  drarov  drivn dra'zvin
RIDE ra1d rai1dz rarod  ridn ra'rdin

m Analogical change happening in the context of the PCFP
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-
Paradigm evolution driven by the PCFP

English

INF PRS.3SG  PST PST.PTCP  PRS.PTCP
LIVE  lv livz lzvd lzvd lzvin
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m Analogical change happening in the context of the PCFP
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-
Paradigm evolution driven by the PCFP

English

INF PRS.3SG  PST PST.PTCP  PRS.PTCP
LIVE  lv livz lzvd lzvd lzvin
DIVE dav daivz dawv davd davin
DRIVE dra'tv drazvz  drarov  drivn dra'zvin
RIDE ra1d rai1dz rarod  ridn ra'rdin

m Analogical change happening in the context of the PCFP

m 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 | teneo: tene:s tenet tene:mus tenertis tenent
PRS.SBJV ~ teneam tenea:s teneat tenea:mus tenea:tis
DICERE
PRS.IND dizko: di:kis dizkit ditkimus dizkitis ditkunt
PRS.SBJV = dizkam dizka:s di:kat dirka:mus di:ka:tis dizkant

teneant

m L and U patterns formed by sound changes (Maiden, 2018)
m Yod Effect

m Palatalization and Affrication of velars
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Metamorphomes evolution
1SG 25G 3SG 1PL 2PL 3PL
PRS.IND teneo: tene:s tenet tene:mus tene:tis tenent

PRS.SBJV  teneam tenea:s teneat teneaimus teneaitis teneant
Latin, TENERE

PRS.IND | ‘tengo ‘tjenes  'tjene  te'nemos te'nejs ‘tjenen
PRS.SBJV = 'tenga ‘tengas 'tenga  ten'gamos ten'gajs  ‘tengan
Spanish, TENERE

m Maiden (2018): These are often preserved
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-
Metamorphomes evolution

1SG 2SG 3SG 1PL 2PL 3PL
PRS.IND di:ko: dizkis dickit  ditkimus di:kitis ditkunt
PRS.SBJV ~ ditkam  ditkais  ditkat  ditkkaimus  ditkaitis  ditkant
Latin, DICERE

PRS.IND  'diyo 'diGes 'diBe  de'Bimos  de'@is ‘diBen
PRS.SBJV = 'diya 'diyas  'diya  diyamos  diyajs ‘diyan
Spanish, DICERE

m Maiden (2018): These are often preserved and extended
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-
Metamorphomes evolution

1SG 2SG 3SG 1PL 2PL 3PL
PRS.IND possum | potes potest possumus = potestis  possunt
PRS.SBJV  possim  possiis possit possi:mus  possiitis  possint
Latin, POSSE

PRS.IND  ‘posu ‘podif  'podi pudemuf  pu'dejf ‘padei
PRS.SBJV ‘pose ‘posef  'pose pu'semuf pu'sajf ‘poselii
Portuguese, POSSE

m Maiden (2018): These are often 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 ?

m Starting with random paradigms,

'2... 1. Hold out one value,

13 ? 2. Predict it using an analogical model.

" .. 3. Replace the previous value
m This was 1 cycle. Repeat until stable
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-
Random paradigms

m 100 lexemes (rows)

m 8 paradigm cells (columns)

m Atotal pool of 6 possible allomorphs (numbers)
m Each cell has only 3 allomorphs
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Substance based analogy

A B C A B C
11 11
A
.

?
4 .-
5 ..

argmaxP(B =x|A =)
X

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

inspired by Ackerman and Malouf (2015)/
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Identity based analogy

A B C
11
§
13 ? .
14

- il

argmax P(X == B)
X

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

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

2.25

2.00

Model

\ \ —— Zone based identity
1.50 S
B —— Substance analogy

value

1.25

1.00

0 500 1000 1500 2000 2500
iteration 17/27



-
Morphome evolution

Model = Zone based identity Model = Substance analogy
100
80
g 60 variable
[ —— Zone_types
— ICs
40
20

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
iteration iteration
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-
Metamorphomes: hopkins statistic

value
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e
Conclusion on random models

m Identity analogy is necessary to obtain metamorphomes

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

m 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 teneo: tene:s tenet tene:mus tene:tis tenent
PRS.SBJV  teneam tenea:s teneat teneamus teneaitis teneant
DICERE
PRS.IND dizko: di:kis di:kit dizkimus di:kitis dirkunt
PRS.SBJV = ditkam dizka:s di:kat dizka:mus di:katis dizkant
AMARE
PRS.IND. amo: ama:s amat ama:mus amatis amant
PRS.SB). amem ame:s amet ame:mus ame:tis ament

m From LatinFlexi (Pellegrini and Passarotti, 2018), keep:
m 100 lexemes and 12 cells
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Can these spread the L/U patterns ?

1SG 2SG 3SG 1PL 2PL 3PL
TENERE
PRS.IND ni n n n n n
PRS.SBJV = n’ n’ ni n n’ ni
DICERE
PRS.IND k ki ki ki ki k
PRS.SBJV = k k k k k k
AMARE
PRS.IND. m m m m m m
PRS.SB). m m m m m m

m From LatinFlexi (Pellegrini and Passarotti, 2018), keep:

m 100 lexemes and 12 cells
m the last stem C, marking YE / PAV environments by [’]
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Can these spread the L/U patterns ?

m From LatinFlexi (Pellegrini and Passarotti, 2018), keep:

m 100 lexemes and 12 cells
m the last stem C, marking YE / PAV environments by [/]

m Code this on integers (colors)
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Results
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Metamorphomes: hopkins statistic
U/L dataset
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Evolution of L/U patterns

Model = Zone based identity Model = Substance analogy
80
60
variable
g —— other-pattern
[ 20 ~—— L-pattern
—— U-pattern
—— identity-pattern
20
0

0 2500 5000 7500 10000 12500 15000 17500 20000 0 2500 5000 7500 10000 12500 15000 17500 20000
iteration iteration
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e
What next ?

This is a work in progress. Possible improvements:
m A mixture of both models
m Adding sensitivity to (token) frequency
m Changing more than one cell at once (N parameter)

m Adding conditioning for analogy (closer to Beniamine and
Bonami, 2019)

m Simulating a tree-shaped evolution

m Comparing to the same measures on actual romance paradigms
(Beniamine, Maiden, and Round, 2020)
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e
Conclusion

m The typical "affix conditional entropy” view of the PCFP can
account for the development of inflection classes, but not
morphomes

m Identity patterns should not be ignored, they are an important
part of the implicative structure of paradigms, and can drive
evolutionary processes.

m Analogy can mean many things: more work is necessary to
understand exactly how it operates in inflection.

m This work is at the very start of a larger morpho-phonology
project
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Thank you for your attention.



Paradigm entropy
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-
Cell entropy
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Morphome evolution
U/L dataset

Model = Zone based identity Model = Substance analogy
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