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Всё смешалось в доме Облонских...

Analytic vs. Synthetic

Derivational vs. Inflectional Morphology



Russian Morphology

Morphological Inflection
Can we train a system to learn the regularities from data?
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Inflectional Morphology is Paradigmatic



Inflectional Morphology: Paradigms (nouns)

Morphological Inflection
беглец + pos=N,case=ACC,num=SG → беглеца
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ru-noun-table | b | беглец | a=an



Inflectional Morphology: Classes (nouns)

Morphological Inflection
беглец + pos=N,case=ACC,num=SG → беглеца
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EN Wiktionary: ru-noun-table | b | беглец | a=an



Inflectional Morphology: Classes (nouns); Differs in En/Ru Wiktionaries

Morphological Inflection
беглец + pos=N,case=ACC,num=SG → беглеца
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EN Wiktionary: ru-noun-table | b | беглец | a=an

RU Wiktionary:сущ ru m a 5b|основа=беглец|основа1=беглец|слоги=по-слогам|бег|лец



Inflectional Morphology: Wiktionary annotation is Not Cross-linguistically
Consistent

Other Languages
Hungarian
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UniMorph – Universal Annotation

Universal Annotation (by John Sylak-Glassman)
1) 23 dimensions of meaning (TAM, case, number, animacy), 212 features
2) A-morphous morphology (Anderson, 1992)
3) Paradigms extracted from English Wiktionary (Kirov et al., 2016)

https://unimorph.github.io/
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[Sylak-Glassman, 2016]
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SIGMORPHON 2016 Shared Task

Morphological (Re-)Inflection (10 Languages)
Task1: беглец + pos=N,case=ACC,num=SG → беглеца
Task2: беглецами + pos=N,case=INS, num=PL +
pos=N,case=ACC,num=SG → беглеца
Task3: беглецами + pos=N,case=ACC,num=SG → беглеца
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[Cotterell et al., 2016]

LMU+BIU+Helsinki: Neural (seq2seq) +/- aligner

MSU+Col/NYU: rule-based/heuristics

Others: external aligner+WFST/CRF



SIGMORPHON 2016 Shared Task

Morphological (Re-)Inflection (10 Languages): Neural
encoder–decoders
1) character-level input: <s> r u n OUT_POS=V OUT_NUM=SG
OUT_TENSE=PRES </s> Output: <s> r u n s </s>
2) Ensembles of seq2seq (GRUs + soft attention (Bahdanau et al., 2015))
3) Enriching the data with combinations of other (non-lemma) forms
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[Kann and Schuetze, 2016]
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SIGMORPHON 2016 Shared Task

Morphological (Re-)Inflection (10 Languages): Neural
encoder–decoders
1) Extract input–output string alignments; 2) Train seq2seq (LSTM-based)
models to learn a sequence of operations (hard monotonic attention)
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SIGMORPHON 2016 Shared Task

Morphological (Re-)Inflection (10 Languages): Neural
encoder–decoders
1) Extract input–output string alignments; 2) Train seq2seq (LSTM-based)
models to learn a sequence of operations (hard monotonic attention)

Errors

глядеть pos=V,tense=PRS,per=1,num=SG,aspect=IPFV gold: гляжу predicted: глядею
увлекаться pos=V,tense=PRS,per=1,num=SG,aspect=IPFV gold: увлекаюсь
predicted: увлеклюсь

звать pos=V,tense=PRS,per=3,num=SG,aspect=IPFV gold: зовёт predicted: звает

Ekaterina Vylomova, Ryan Cotterell The Secret Life of Words 11 ноября 2020 г. 21 / 80

[Aharoni and Goldberg, 2017]



SIGMORPHON 2016 Shared Task

Morphological (Re-)Inflection (10 Languages): Neural
encoder–decoders
1) Extract input–output string alignments; 2) Train seq2seq (LSTM-based)
models to learn a sequence of operations (hard monotonic attention)

Errors

зять pos=N,case=GEN,num=PL gold: зятьёв predicted: зятей

перстень pos=N,case=GEN,num=PL gold: перстней predicted: перстеее

телекамера pos=N,case=GEN,num=PL gold: телекамер predicted: телекаморо
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SIGMORPHON 2016 Shared Task

Morphological (Re-)Inflection (10 Languages): Neural
encoder–decoders
1) Extract input–output string alignments; 2) Train seq2seq (LSTM-based)
models to learn a sequence of operations (hard monotonic attention)

Errors

лоботряс pos=N,case=ACC,num=PL gold: лоботрясов predicted: лоботрясы

львица pos=N,case=ACC,num=PL gold: львиц predicted: львица

милиционер pos=N,case=ACC,num=PL gold: милиционеров predicted: милиционеры

светлячок pos=N,case=ACC,num=PL gold: светлячков predicted: светлячки

скот pos=N,case=ACC,num=PL gold: скотов predicted: скоты

счёт pos=N,case=ACC,num=PL gold: счета predicted: счеты
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[Aharoni and Goldberg, 2017]



SIGMORPHON 2017 Shared Task

Universal Morphological Reinflection (52 Languages)
Task1: Morphological Reinflection
Task2: Paradigm Completion

Ekaterina Vylomova, Ryan Cotterell The Secret Life of Words 11 ноября 2020 г. 24 / 80



SIGMORPHON 2017 Shared Task

Universal Morphological Reinflection (52 Languages)
3 Settings: Low (100 samples), Medium (1000), High (10,000)
Sampled based on their token frequency in Wikipedia corpus (with
resampling for syncretic slots)
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SIGMORPHON 2017 Shared Task

Universal Morphological Reinflection (52 Languages): Neural
encoder–decoders
1) (Align & Copy): Based on Aharoni and Goldberg, 2017
2) Extract input–output string alignments (add COPY/edit operations) 2)
Train seq2seq (LSTM-based) models to learn a sequence of operations (hard
monotonic attention)
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SIGMORPHON 2017 Shared Task

Error taxonomy
What are common errors that neural systems make?
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SIGMORPHON 2017 Shared Task

Error taxonomy
What are common errors that neural systems make?

Types of Errors
Free variation error: more than one acceptable form exists
Extraction errors: flaws in UniMorph’s parsing of Wiktionary
Wiktionary errors: errors in the Wiktionary data itself
Silly errors: “bizarre” errors which defy any purely linguistic characterization (“*membled”

instead of “mailed” or enters a loop such as “ynawemaylmyylmyylmyylmyylmyylmyym...” instead
of “ysnewem”)

Allomorphy errors: misapplication of existing allomorphic patterns
Spelling errors: forms that do not follow language-specific orthographic conventions
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SIGMORPHON 2017 Shared Task

Error taxonomy
What are common errors that neural systems make?

Allomorphy Errors
Stem-final vowels in Finnish (*pohjanpystykorvojen); Consonant gradation in Finnish (*ei

kiemurda)
Ablaut in Dutch and German (*pront; *saufte)
Umlaut (*Einwohnerzähle, *Förmer), plural suffixes, Verbal prefixes in German (*umkehre)
Linking vowels in Hungarian (*masszázsakból instead of *masszázsokból)
Yers (*klęsek instead of klęsk), Genitive singular suffixes in Polish (*izotopa)
Animacy in Polish and Russian (грузин vs. магазин in ACC.SG )
Aspect in Russian (*будешь сорвать)
Internal inflection in Russian compounds (*государствах-донорах, *лёгких промышленности

(ACC.PL))
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CoNLL–SIGMORPHON 2018 Shared Task

Universal Morphological Reinflection (103 Languages)
Task1: Morphological Reinflection (Low, Medium, High)
Task2: Inflection in Context
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SIGMORPHON 2019 Shared Task

Morphological Analysis in Context and Cross-Lingual Transfer for
Inflection (100 Language Pairs)
Task1: Cross-lingual Transfer for Morphological Inflection (10k HR +100 LR)
Task2: Inflection in Context
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SIGMORPHON 2020 Shared Task

SIGMORPHON Shared Task 2016–2019
PLAY + PRESENT PARTICIPLE → playing
played + PRESENT PARTICIPLE → playing

Lemma Tag Form

RUN PAST ran
RUN PRES;1SG run
RUN PRES;2SG run
RUN PRES;3SG runs
RUN PRES;PL run
RUN PART running
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2018 :∼ 96% accuracy on avg.

in high-resource setting

But much less well
in low-resource setting



Increasing Multilinguality
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Languages differ in many ways!
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Some exhibit rich grammatical case systems (e.g., 12 in Erzya and 24 in Veps)

Some mark possessiveness

Others might have complex verbal morphology (e.g., Oto-Manguean languages)

Even “decline” nouns for tense (e.g., Tupi–Guarani languages)



Languages differ in many ways!

Let’s Discuss The Following Dimensions:
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Fusion

Inflectional Synthesis

Position of Case Affixes



Fusion (WALS 20A)
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Fusion (WALS 20A)
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From isolating to concatenative

Concatenative morphology is the most common system

Non-linearities such as ablaut or tonal morphology can also be present

Isolating languages: the Sahel Belt in West Africa, Southeast Asia and the Pacific

Tonal–concatenative morphology can be found in Mesoamerican languages



Inflectional Synthesis of the Verb (WALS 22A)

Ekaterina Vylomova, Ryan Cotterell The Secret Life of Words 11 ноября 2020 г. 48 / 80



Inflectional Synthesis of the Verb (WALS 22A)
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Analytic expressions are common in Eurasia

Synthetic expressions are used to a high degree in the Americas



Position of Case Affixes (WALS 51A)
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Position of Case Affixes (WALS 51A)
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Can variably surface as prefixes, suffixes, infixes, or circumfixes

Suffixation: Most Eurasian and Australian languages

to a lesser extent in South American and New Guinean languages

Prefixation:Mesoamerican languages and African languages spoken below the Sahara



Language-Specific Biases

As Bender(2009, 2016) notes architectures and training and tuning
algorithms still present language-specific biases
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SIGMORPHON 2020 SHARED TASK 0

As Bender(2009, 2016) notes architectures and training and tuning
algorithms still present language-specific biases

Let’s focus on typological diversity and aim to investigate systems’ ability to
generalize across typologically distinct languages!
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SIGMORPHON 2020 SHARED TASK 0

As Bender(2009, 2016) notes architectures and training and tuning
algorithms still present language-specific biases

Let’s focus on typological diversity and aim to investigate systems’ ability to
generalize across typologically distinct languages!

If a model works well for a sample of IE languages, should the same model
also work well for Tupi–Guarani languages?
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2020 Shared Task on Reinflection

90 Languages from 13 languages families

Family
Afro−Asiatic
Algic
Austronesian

Dravidian
Indo−European
Niger−Congo

Oto−Manguean
Sino−Tibetan
Siouan

Songhay
Southern Daly
Tungusic

Turkic
Uralic
Uto−Aztecan

Ekaterina Vylomova, Ryan Cotterell The Secret Life of Words 11 ноября 2020 г. 55 / 80



Three Phases

Development
2 months; train & dev: 45 languages from 5 families (Austronesian, Niger-Congo, Oto-Manguean,
Uralic, IE)

Generalization
1 week; train & dev: 45 languages from 10 families ( Afro-Asiatic, Algic, Dravidian,
Indo-European, Niger-Congo, Sino-Tibetan, Siouan, Songhay, Southern Daly, Tungusic, Turkic,
Uralic, and Uto-Aztecan)

Evaluation
1 week; test: all 90 languages
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Data

Preparation
Manually converted their features (tags) into the UniMorph format
Canonicalized (https://github.com/unimorph/um-canonicalize) the converted language

data

Splitting
Used only noun, verb, and adjective forms to construct training, development, and evaluation

sets.
Randomly sampled 70%, 10%, and 20% for train, development, and test, respectively.
Zarma, Tajik, Lingala, Ludian, Māori, Sotho, Võro, Anglo-Norman, and Zulu contain less than

400 training samples
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https://github.com/unimorph/um-canonicalize


Systems: Baselines

Non-neural
Simple alignment-based as in previous years (Cotterell et al., 2017;2018)
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Systems: Baselines

Neural
Neural transducer (Wu et al, 2019), which is essentially a hard monotonic attention model

(mono-*)
Transformer adopted for character-level tasks Wu et al, (2020; trm-*), SoTA on ST 2017

+ data augmentation technique used by Anastasopoulos et al. (2019;-aug-)
+ family-wise shared parameters (*-shared)

Team Description System Model Features
Neural Ensemble Multilingual Hallucination

Baseline wu2019exact

mono-single
mono-aug-single
mono-shared
mono-aug-shared

wu2020applying

trm-single
trm-aug-single
trm-shared
trm-aug-shared
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Systems: Teams

10 teams submitted 22 systems in total, out of which 19 were neural
Team Description System Model Features

Neural Ensemble Multilingual Hallucination

CMU Tartan Jayarao et al.(2020)

cmu_tartan_00-0
cmu_tartan_00-1
cmu_tartan_01-0
cmu_tartan_01-1
cmu_tartan_02-1

CU7565 Beemer et al. (2020) CU7565-01-0
CU7565-02-0

CULing Liu et al. (2020) CULing-01-0

DeepSpin Peterset al. (2020) deepspin-01-1
deepspin-02-1

ETH Zurich Forster et al. (2020) ETHZ00-1
ETHZ02-1

Flexica Scherbakov (2020) flexica-01-0
flexica-02-1
flexica-03-1

IMS Yu et al. (2020) IMS-00-0

LTI Murikinati et al. (2020) LTI-00-1

NYU-CUBoulder Singer et al. (2020)

NYU-CUBoulder-01-0
NYU-CUBoulder-02-0
NYU-CUBoulder-03-0
NYU-CUBoulder-04-0

UIUC Canby et al. (2020) uiuc-01-0
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Systems: Description (* – winning system)

Improving neural baselines
*UIUC: transformers with synchronous bidirectional decoding technique (Zhou et al.,2019)

and family-wise fine-tuning
ETH Zurich: exact decoding strategy that uses Dijkstra’s search algorithm

Improving previous years’ models: Hard Monotonic Attention
IMS: L2R+R2L models with a genetic algorithm for ensemble search and data hallucination
Flexica:multilingual (family-wise) model with improved alignment strategy

+ new data hallucination technique based on phonotactic modelling
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Systems: Description (* – winning system)

Improving their 2019 models
LTI: multi-source encoder–decoder with two-step attention architecture + cross-lingual

transfer+ data hallucination + romanization of scripts
*DeepSpin: massively multilingual (all languages) gated sparse two-headed attention model

with sparsemax
+ 1.5-entmax

Transformer vs. LSTMs
CMU Tartan: compared trasformer- and LSTM-based encoder–decoders trained mono- and

multilingually with data hallucination
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Systems: Description (* – winning system)

Ensembles of Transformers
NYU-CUBoulder: compared vanilla and pointer-generator (monolingual) transformers

+ ensembles of three and five pointer-generator transformers + data hallucination (less than
1,000 samples)
*CULing: ensemble of three (monolingual) transformers + augmented the initial input (that

only used the lemma as a source form) with entries corresponding to other (non-lemma) slots
(reinflection) to improve learning of principal parts of paradigm
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Systems: Description (* – winning system)

Non-neural systems
CU7565: manually developed finite-state grammars for 25 languages

+ hierarchical paradigm clustering (based on similarity of string transformation rules)
Flexica: a method similar to Hulden (2014) but with transformation rules treated

independently and assigned a score based on their frequency, specificity and diversity of
surrounding characters
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Evaluation

Per-language accuracy
Per-language Levenstein distance
Takes into account the statistical significance of differences between systems

Ranking
Any system which is the same (as assessed via statistical significance) as the best performing one
is also ranked 1st for that language.
For genus/family:
We aggregate the systems’ ranks and re-rank them based on the amount of times they ranked
1st, 2nd, etc.
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Results: 4 winning systems (outperform baselines)

uiuc-01-0 2.4 90.5
deepspin-02-1 2.9 90.9

BASE: trm-single 2.8 90.1
CULing-01-0 3.2 91.2
deepspin-01-1 3.8 90.5

BASE: trm-aug-single 3.7 90.3
NYU-CUBoulder-04-0 7.1 88.8
NYU-CUBoulder-03-0 8.9 88.8
NYU-CUBoulder-02-0 8.9 88.7

IMS-00-0 10.6 89.2
NYU-CUBoulder-01-0 9.6 88.6
BASE: trm-shared 10.3 85.9

BASE: mono-aug-single 7.5 88.8
cmu_tartan_00-0 8.7 87.1
BASE: mono-single 7.9 85.8
cmu_tartan_01-1 9.0 87.1

BASE: trm-aug-shared 12.5 86.5
BASE: mono-shared 10.8 86.0
cmu_tartan_00-1 9.4 86.5

LTI-00-1 12.0 86.6
BASE: mono-aug-shared 12.8 86.8

cmu_tartan_02-1 10.6 86.1
cmu_tartan_01-0 10.9 86.6

flexica-03-1 16.7 79.6
ETHZ-00-1 20.1 75.6

*CU7565-01-0 24.1 90.7
flexica-02-1 17.1 78.5

*CU7565-02-0 19.2 83.6
ETHZ-02-1 17.0 80.9
flexica-01-0 24.4 70.8

Oracle (Baselines) 96.1
Oracle (Submissions) 97.7

Oracle (All) 97.9
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The baselines and the submissions are complementary

adding them together increases the oracle scored

The largest gaps in oracle systems are observed in Algic, Oto-Manguean

Sino-Tibetan, Southern Daly, Tungusic, and Uto-Aztecan families



Accuracy by language averaged across all submissions
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Accuracy by language averaged across all submissions
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A significant effect of dataset size was observed

Relatively easy: Austronesian and Niger-Congo

Difficult: some Uralic and Oto-Manguean languages

Challenging: Ludic, Norwegian Nynorsk, Middle Low German , Evenki, and O’odham



Questions Addressed in Papers

Is developing morphological grammars manually worthwhile?

CU7565 manually designed finite-state grammars for 25 languages
Paradigms of some languages were relatively easy to describe but neural networks also

performed quite well
For Ingrian and Tagalog (LRL) grammars demonstrate superior performance but this comes at

the expense of a significant amount of person-hours
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Questions Addressed in Papers

What is the best training strategy for low-resource languages?

Hallucinated data highlighted its utility for LRLs.
Augmenting the data with tuples where lemmas are replaced with non-lemma forms and their

tags
Multilingual training
Ensembles
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Error Analysis

Systematic Errors:

Data Inconsistency

The train, development and test sets contain 2%, 0.3%, and 0.6% inconsistent entries

Highest rates: Azerbaijani, Old English, Cree, Danish, Middle Low German , Kannada,
Norwegian Bokmål, Chichimec, and Veps
Dialectal variations in Finno-Ugric and Tungusic
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Language-Specific Errors

Algic (Cree)

Mean accuracy across systems was 65.1% (41.5% to 73%)
Struggled with the choice of preverbal auxiliary ( ‘kitta’ could refer to future, imperfective, or

imperative)
The paradigms were very large, there were very few lemmas (28 impersonal verbs and 14

transitive verbs
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Language-Specific Errors

Niger-Congo

Mean accuracy across systems was very good at 96.4 (62.8% to 100%)
Most languages in this family are considered low resource, and the resources used for data

gathering may have been biased towards the languages’ regular forms
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Language-Specific Errors

Sino–Tibetan (Tibetan)

Mean accuracy across systems was average at 82.1%(67.9% to 85.1%)
Majority errors are related to allomoprhy
Nonce words and impossible combinations of component units (Di et al., 2019)
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Language-Specific Errors

Tungusic (Evenki)

Mean accuracy across systems was average at 53.8% (43.5% to 59.0%)
The dataset was created from oral speech samples in various dialects of the language; there

was little attempt at any standardization in the oral speech transcription
Annotation: various past tense forms are all annotated as PST, or there are several comitative

suffixes all annotated as COM
Annotation: some features are present in the word form but they receive no annotation at all
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Conclusion

AND.....TO CONCLUDE:

Submissions were able to make productive use of multilingual training
Data augmentation techniques such as hallucination helped
Combined with architecture tweaks like sparsemax, it resulted in excellent overall performance

on many languages
Some morphology types and language families (Tungusic, Oto-Manguean, Southern Daly) are

still challenging
In some languages (Ingrian, Tajik, Tagalog, Zarma, and Lingala) hand-encoding linguist

knowledge in finite state grammars resulted in best performance

Ekaterina Vylomova, Ryan Cotterell The Secret Life of Words 11 ноября 2020 г. 77 / 80



Conclusion

AND.....TO CONCLUDE:

Submissions were able to make productive use of multilingual training
Data augmentation techniques such as hallucination helped
Combined with architecture tweaks like sparsemax, it resulted in excellent overall performance

on many languages
Some morphology types and language families (Tungusic, Oto-Manguean, Southern Daly) are

still challenging
In some languages (Ingrian, Tajik, Tagalog, Zarma, and Lingala) hand-encoding linguist

knowledge in finite state grammars resulted in best performance

Ekaterina Vylomova, Ryan Cotterell The Secret Life of Words 11 ноября 2020 г. 78 / 80

Some Linguistic Analysis:

Modeling morphological learning, typology, and change:

What can the neural sequence-to-sequence framework contribute?

(Elsner, Sims et al, 2019)

Some Linguistic Analysis:

Lexical databases for computational analyses:

A linguistic perspective

(Malouf, Ackerman, Semenuks, 2020)



Conclusion

SIGMORPHON–UNIMORPH 2021 Shared Task! Please Join!

Part 1: Generalization Across Languages (focusing on under-resourced languages; extracting
data fom FSTs (e.g., Apertium) and grammar books)

Part 2 (with Ben Ambridge): Human-like Generalization: “wug” tests across languages
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Thank you! Questions?
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