
Action Result Notes
SHIFT Character buffer → character node on stack

RED-MORPH(null) Morpheme node on stack No MSD or lemma for this word

RED-WORD(PREP) Word node on stack, POS tagged

RED-MORPH(Def=Definite) Morpheme node on stack, MSD stored

RED-WORD(DT) Word node on stack Orthographically unrealized word

SHIFT Character buffer → character node on stack

SHIFT Character buffer → character node on stack

RED-MORPH(Lemma=`BYT`) Morpheme node, lemma stored Two character nodes combine

SHIFT Character buffer → character node on stack

SHIFT Character buffer → character node on stack

RED-MORPH(Number=Plur) Morpheme node, MSD stored Suffix carrying MSD

RED-WORD(NOUN) Word node, POS tagged Two morpheme nodes combine; 
stored lemma and MSDs tagged

ARC-LEFT(det) Dep arc created, stack popped

ARC-LEFT(case) Dep arc created, stack popped

RED-TOK Token annotated

DISCARD Character buffer → trash Space character omitted

[…] […] [Next token(s) processed]

RED-SENT(null) Sentence node on stack Optional for discourse tagging
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System

● Our main resource is UD (standard datasets & splits)
● Main oracle challenge - align morphemes to produce MSDs ← we 

wrote a script to extract morpheme segmentations before oracle 
construction, using MorphyNet annotations
○ Challenges that remain - infixes and other nonconcatenative 

morphological relations (possible remedy: methods from 
nonprojective parsing)

● Languages in our current development state: English, Catalan, 
Swedish, Italian, Hungarian, [Hebrew, Turkish - w/o MorphyNet]

Working Groups 1 & 3

Walkthrough (1st token)

בבתיםהגדולים
BBTYM HGDWLYM       .

ba-batim ha-gdolim
in-(the-)house.pl the-big.pl

`in the big houses`

s e n t e n c e

← Bi-LSTM →

Stack

Buffer

Flattener
MLP

Action space

softmax

Following selection, if the action 
requires a new stack node, a 
neural combiner is called:
● RED-M: (char)* → morph
● RED-W: (morph)+ → word
● ARC-L/R: (word, word) → word
● RED-S: (wordROOT) → sentence

* Label prediction is done separately, 
following the action, for:
Lemma/MSD, POS, arc, DISC

Action Input Output Label

SHIFT Buffer character Stack character -

RED-MORPH N characters from stack Morpheme MSD/Lemma

RED-WORD Morpheme(s) on stack Syntactic word POS tag

ARC-LEFT Two words from stack Stack popped Labeled syntactic edge

ARC-RIGHT Two words from stack Stack popped Labeled syntactic edge

RED-TOK M characters saved from text Token (no structural effect) -

DISCARD Non-syntactic buffer character Space character omitted Spacing annotation

RED-SENT ROOT token from stack Sentence token Discourse annotation
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Compositionality: 
● characters form morphemes 
● morphemes form words
● words form sentences

RED-MORPH


