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Paradigms as systems of (orthogonal) feature oppositions

o Many authors define inflectional paradigms in terms of their organization into
orthogonal features, c¢f. Wunderlich and Fabri [1995, p. 266]:
“A paradigm is an n-dimensional space whose dimensions are the attributes (or features) used for
the classification of word forms. In order to be a dimension, an attribute must have at least two

values. The cells of this space can be occupied by word forms of appropriate categories.”
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Bonami et al’s (2023) experiment and observation

o Bonami et al. [2023] focused on Czech nouns and adjectives:
— (training) vector prediction trained for individual contrasts,
— (expectation) pairs of contrasts divided into types: orthogonal vs. parallel
prediction of orthogonal contrasts should have worse performance than parallel ones,
— (evaluation) vectors predicted for both (extrinsic) types and for intrinsic prediction
e Observation: Some feature contrasts led to a failure of parallelism.
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Paradigms are not just systems of feature oppositions

o Bonami et al. [2023], based on distributional data:

Paradigm cells have properties that cannot be explained
solely by their morphosyntactic features.

o This suggests Bonami et Strnadovd’s [2019]
characterization of paradigms without reference to
feature is on the right track (cf. Stekauer [2014],

Blevins [2016]):

— Paradigms are defined abstractively in terms of
aligned pairwise contrasts.

— Analysis into orthogonal features is a further step of
abstraction that is neither necessary nor always

insightful.
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Why are some contrasts more parallel than others?

o We rely on the same data resources as Bonami et al. [2023] and observe which and
why some contrasts are more parallel than others.

o In this talk, we will look into specific contrasts in Czech conjugation where a lack
of distributional parallelism is expected on conceptual grounds.

— We expect distributional parallelism to fail when comparing number contrasts in
different persons or person contrasts in different numbers.
— We do not expect person and number to be fully orthogonal features
— Benveniste [1946]: IPL#14+1+---+1
— Polite plurals, authorial plural, etc.
— Martinet [1960], Wechsler [2004] reorganize the person-number feature space on that basis




Czech conjugation dataset

e Perfective and imperfective verbs define a 3-dimensional morphosyntactic space
of parallel person and number contrasts. Note that we have parallelism of person and
number across aspects, but not parallelism of aspect, as aspect is a lexical feature.

FUT PRS PST IMP
1 pe kupuji periph. —
SG 2 pe ) kupujes periph. kupuj
3 periph. kupuje kupoval(—/a/0) —
1 periph. kupujeme periph. —
PL 2 kupujete  periph. kupujte
3 kupuji kupoval(i/y/a) —
kupovat [en. buy] (imperfective)
FUT PRS PST IMP
1 koupim — periph. —
SG 2 koupis — periph. kup
3 koupt — koupil(—/a/0) —
1 koupime — periph. —
PL 2 koupite — periph. kupte
3 koupi — koupil(i/y/a) —

koupit [en. buy] (perfective)
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Source of language data

o Following Bonami et al. [2023], we used
Distributional vector models [Kyjanek and
Bonami, 2022] and inflectional lexicon
MorfFlexCZ 2.0 [Haji¢ et al., 2020].

SYN v9 corpus [Kfen et al., 2021}, 5.7 billion
tokens from published texts

MorphoDiTa [Strakova et al., 2014] for tagging
and lemmatization in the corpus

Word2vec [Mikolov et al., 2013] applied to
(token, tag) pairs to train the distributional
vector model; syncretic forms are disambiguated
MorfFlexCZ 2.0, source of morphological data,
125.3M (lemma, tag, wordform) triples

e This results in highly reliable vectors, compared
to the standards of the field.

Example from MorfFlexCZ:
inflection of ’buy’ (perfective).

Lemma Tag ‘Word form
koupit VE--————-- A-P--  koupit
koupit VE-—--—--- A-P-2  koupiti
koupit VB-S---1P-AAP--  koupim
koupit VB-S---1P-AAP-6  koupim
koupit VB-S---2P-AAP--  koupis
koupit VB-S---3P-AAP-- | koupi
koupit VB-P---1P-AAP--  koupime
koupit VB-P---2P-AAP--  koupite
koupit VB-P---3P-AAP-- | koupi
koupit VB-P---3P-AAP-6  koupéj
koupit VB-P---3P-AAP-3  koupéji
koupit Vi-S-——2--A-P--  kup
koupit Vi-P---1--A-P--  kupme
koupit Vi-P---2--A-P--  kupte




Formalisation of relevant contrasts in vector space

o We are interested in rectangles in morphosyntactic space.

e To assess whether that is the case:
1. We pick two ordered pairs of cells
corresponding to opposite edges of the
morphosyntactic rectangle. (p, q), (7, s)
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Formalisation of relevant contrasts in vector space

o We are interested in rectangles in morphosyntactic space.

o Truly parallel feature contrasts should map to parallelograms in distrib. space.

o To assess whether that is the case:

1. We pick two ordered pairs of cells
corresponding to opposite edges of the
morphosyntactic rectangle. (p, q), (7, s)

2. We associate each cell ¢ with average of ;
vectors of words filling that cell ¢. . #

3. We compute the difference vector for each
of the two pairs of cells. p — ¢, ¥ — §

4. We compute the Euclidean distance
between these two vectors. d(p — G, 7" — 3)

o If the cells form a parallelogram, this should be 0. How close to 0 is it?




Contrasts (3): rectangles with constant person
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Contrasts (6): rectangles with constant number
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Contrasts (6): rectangles covarying person and number

&/‘
s
SI8 A0 7 |
-’ m’ “’ -’ n’ i’ IPFV.25G

PFV.1SG —— PFV.1PL

T

1

I

‘ ,

. IPFV.1PL

PFV.2SG - ---| - -~ PFV.2PL
: .

! .

I

I

\

!

IPFV.2PL

PFV.3SG ----1--- PFV.3PL

IPFV.3PL

—— number ——

 expectation: parallelograms in distributional space (ED & 0)




Contrasts (18): rectangles opposing person and number
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o expectation: not parallelograms in distributional space (ED > 0)




Results: Person/Number vs. other rectangles
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o Rectangles opposing person/number are nearly categorically separated from others.

e The 2vs3 contrast achieves insignificantly higher ED than other person contrasts.




Results: Deeper into person/number rectangles
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o In observation of pers/num
rectangles, the person
contrasts matter.

e There is a difference
between the ED of
perfective-imperfective
person contrasts
(1vs2 ws. 1vs3, 2vs3).




Results: Deeper into other rectangles
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o In observation of other rectangles than pers/num, no obvious organization is present.




Discussion/Challenge: Periphrastic verb forms in Czech

o Grammatical expressions created with multiple words rather than a single, inflected
word, often using auxiliary verbs, are usual in Czech.

FUT PRS PST FUT PRS PST

1 budu kupovat single kupoval(—/a/o) jsem single — koupil(—/a/o0) jsem
s¢ 2 budes kupovat single kupoval(—/a/o) jsi single — koupil(—/a/o) jsi

3 bude kupovat single single single — single

1  budeme kupovat  single kupoval(i/y/a) jsme single — koupil(i/y/a) jsme
PL 2  budete kupovat single kupoval(i/y/a) jste single — koupil(i/y/a) jste

3 budou kupovat single single single — single

kupovat [en. buy| (imperfective) koupit [en. buy] (perfective)

o Work with vectors is disputable — auxiliaries affect trained vectors. Is it a solution to
train vectors based on a pseudo-corpus?

— excluding auxiliaries
— labelling past forms with verbs

e Could contextualised word embeddings solve that technical issue?




Conclusions

e Some morphosyntactic contrasts are more parallel than others.

— We showed this in the obvious place, person vs. number.
— Another good candidate for Czech:

— periphrastic verb forms or
— GEN.PL in nouns and adjectives.

— Ultimately, this could lead to a data-driven delineation of feature space.

o Distributional vectors provide a very welcome way of exploring the import of features
in an inductive data-driven way.

o The properties of distributional vectors support the view that paradigms are prior to
feature organization [Blevins, 2016, Bonami and Strnadové, 2019].
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