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Chinese Wordhood

e Scriptura Continua
e Chinese Word Segmentation (CWS)

o Often recognised as the first step for different Chinese NLP tasks
o  Confusing notion of word in modern Chinese

MEE ka-fei —4 yi-ge IMNRE A1 xiao-peng-you-men

gloss (transliterated) one -quantifier little -friend-friend -plural

meaning coffee one; a/an children

GB standards INBR D]

UD treebanks mnmE — N AT

segmenters mhn gk = = A INARRATT /N BRER AT/ .




Syntactic Parsing for Chinese

e Chinese has commonly significantly lower f-scores for parsing than European
languages (Dozat & Manning 2017)

English PTB-SD 3.3.0 Chinese PTB 5.1

Type Model UAS LAS UAS LAS
Ballesteros et al. (2016) 93.56 91.42 87.65 86.21
Transition Andor et al. (2016) 9461 9279 — —
Kuncoro et al. (2016) 95.8 94.6 - —
Kiperwasser & Goldberg (2016) 93.9 91.9 87.6 86.1
Granh Cheng et al. (2016) 94.10 91.49 88.1 85.7
P Hashimoto et al. (2016) 94.67 92.90 - -
Deep Biaffine 95.74 94.08 89.30 ( 88.23

Table 4: Results on the English PTB and Chinese PTB parsing datasets



Syntactic Parsing for Chinese

e Chinese has commonly significantly lower f-scores for parsing than European
languages (Dozat & Manning 2017)

Catalan Chinese Czech
Model UAS LAS UAS LAS UAS LAS

Andor et al. 92.67 89.83 84.72 80.85 88.94 84.56

Deep Biaffine 94.69 92.02 88.90 (85.38 > 92.08 87.38
English German Spanish

Model UAS LAS UAS LAS UAS LAS

Andor et al. 9322 9123 9091 8915 9262 8995
Deep Biaffine 95.21 93.20 9346 91.44 94.34 91.65

Table 5: Results on the CoNLL ’09 shared task datasets



Syntactic Parsing for Chinese

e Previous results on UD 2.0 with character-based segmenter (Shao & al. 2018)

Segmentation UDPipe parser Dozat et al. (2017)
Accuracy UAS LAS UAS LAS
UDPipe This Paper | UDPipe This Paper | UDPipe This Paper | UDPipe This Paper | UDPipe This Paper
Arabic 93.77 97.16 72.34 78.22 66.41 71.79 77.52 83.55 72.89 78.42
Chinese 90.47 93.82 63.20 67.91 59.07 63.31 71.24 76.33 68.20 73.04
Hebrew 85.16 91.01 62.14 71.18 57.82 66.59 67.61 76.39 64.02 72.37
Japanese 92.03 93.77 78.08 81.77 76.73 80.83 80.21 83.79 79.44 82.99
Vietnamese | 85.53 87.79 47.72 50.87 43.10 46.03 50.28 53.78 45.54 48.86

Results on different languages from Universal Word Segmentation: Implementation and Interpretation
(Shao & al. 2018). The parsing accuracies are reported in unlabelled attachment score (UAS) and labelled
attachment score (LAS).



Syntactic Parsing for Chinese

e Segmentation and parsing: hen-and-egg problem

root root
Good: Wrong:
obl:tmod obl:tmod

;tav comp:obj m mod

v .
E R o S HiE R EY 58
N ADV AD] \Y N N ADV ADJ N
xian-zai hen nan guo ma-lu xian-zai hen nan-guo ma-lu

now very difficult cross road now  very upset road

“Now it’s difficult to cross the road.”



Syntactic Parsing for Chinese

e Segmentation and parsing: hen-and-egg problem
e Incoherent segmentations in UD corpora

Chinese-CFL UD treebank Chinese-HK UD treebank
nmod:tmod 5
nsu nmod i
adve
det advm %
nummo a dm s /
¥ D = 1%
N ~ N T =
B % X B Kb RE(3T BEE MR iy 5 | F1E5E |
DET NUM NOUN PRON ADV AUX VERB NOUN ADP PRON PRON ADV VERB VERB
zhe ji  tian  wo wei-bi neng da dian-hua gei ni ta-men jiu da-dian-hua shuo
this few day I may not can hit  phone to you they just  call say

“Maybe I can’t call you these days” “They just called and said...”



Syntactic Parsing for Chinese

e Segmentation and parsing: hen-and-egg problem

e Incoherent segmentations in UD corpora

e Out-Of-Vocabulary (OOV): worse results on texts with a great quantity of
out-of-vocabulary terms (patent texts)

Synt. Parsing Experiment LAS | UAS
CoNLL training, CoNLL test | 88.21 | 90.75 | glish patent texts
CoNLL training, patent test 79.61 | 84.87 | (Burga &al. 2013)




Enriching Chinese treebanks with word-internal
structures - Previous works

e Character-level dependencies parsing on Chinese corpus (Zhao 2009;
Li & Zhou 2012; Zhang & al. 2014; Li & al. 2018)

o large-scale annotation on Penn Treebank (PTB) and constituent Chinese Treebank
(CTB)
o usefulness of the word-internal structures in Chinese syntactic parsing



Enriching Chinese treebanks with word-internal
structures - Annotation

Label:

o

@)
O
@)

[head position, dep relation]

Pseudo: [1, morph]

m:flat
m:conj
m:mod
m:arg

True, for the last char

Y

Co=i D

#3ii# ban-yan "play (a role)"

y

y

one of the

Is there a paradigm for
character ?

True Dose its characters have similar
distributions and similar or
contraduct meanings ?
False
Y
True ¢ .
Is it a serial verb construction ?
False
\i
False Is one character a argument of True
anothor (subject/complement) ?
v A4
g _— . Weather the argument X
False Can it be replaced by one of its True, by the last char preceeds receeds or foll%)ws the follows
chatracters and has the similar preceecs
distribution ? predicative character ?
True, for the first char True, by the first char
\ \i \ \

False

A

Z— di-yi "first"

y

{t 2. shen-me "what"

y

\

F 1] wo-men "we,us"

“kAL fei-ji "airplane” i34 lian-hong "blush”

fli2= hang-kong "aviation”

K3 W fen-sui "crash”




Enriching Chinese treebanks with word-internal
structures - Annotation

We annotated the 500 most frequent words root
Corpus: all Chinese UD/SUD treebanks (CFL, GSD, HK, PUD)
Annotators: 2 (inter-annotator agreement of 88%)

maod

roor

mod

1v .
[ ]

EES i

discourse:sp ADV PRON NOUN ADYV VERB PART

mearg

m:arg m:mod

Yy ¥ zongzhi wd  mingwan bu  huijia la
B 2 ¥ OB B A B X B In short | Tomorrow night NEG Come back home SFP

In short, | will not go home tomorrow night.



Enriching Chinese treebanks with word-internal
structures - Annotation

Tricky examples & Problems:

—fi%,64,1,m:arg???*
—ie, — B, —E& —#&



Training and parsing on the character level

(000 000 000| (@00 - i N
RelLU Edge J—1 Labels for j — ¢
RN (08808000 - - - |[6899]9099 ﬁ eee)
, 4 x
(0000 —| (0000|0000 — - - | (0000|0000 @888 arc-dep; arc-head; rel-dep; rel-head;
i f
Embed [Ce0|eeo] CeEr
i \ / \
(ROOT) ROOT ; PUNCT

Dozat, (2017)



Training and parsing on the character level - Tagger

Category Precision Recall F-score Category  Precision  Recall F-score
ADJ 65.69%  50.00%  56.78% ADJ 65.52%  42.54%  51.58%
ADP 63.48%  69.75%  66.47% ADP 60.11% — 87.90%  71.40%
ADV 80.08%  76.40%  78.20% ADV 75.00%  70.80%  72.84%
AUX 59.84%  81.56%  69.03% AUX 64.71% 86.03%  73.86%
CCONJ 92.68% 58.46%  71.70% CCONJ  92.68% 58.46%  71.70%
DET 96.81%  68.94%  80.53% DET 91.22%  8645%  88.77%
INTJ 100.00%  0.00%  0.00% INTJ 100.00%  20.00%  33.33%
NOUN 88.17%  82.27%  85.12% NOUN  77.87%  8556%  81.54%
NUM 63.92%  98.41%  77.50% NUM 65.14%  93.65%  76.84%
PART 84.03%  91.74%  87.72% PART 91.56%  94.50%  93.00%
PRON 94.06%  93.14%  93.60% PRON 92.47%  88.24%  90.30%
PROPN 38.17% 89.29%  53.48% PROPN 54.05% 71.43%  61.54%
PUNCT  99.84%  99.84%  99.84% PUNCT  99.84% 100.00%  99.92%
SCONJ  100.00%  0.00%  0.00% SCON]  20.00%  435% 714%
SYM 100.00% —0.00% —0.00% SYM 100.00%  100.00%  100.00%
VERB = 7629%  77.56% - 76.92% VERB  8331%  7641%  79.71%

TOTAL 81.85% 81.62%  81.74% TOTAL 88.85% 88.70% 88.78%

F-score of word level POS (UPOS) for our word-based F-score of word level POS for our character-based
tagger tagger after the recombination



Training and parsing on the character level - comparison

UAS

OLS

LAS

WB

78.96%

81.29%

66.65%

This paper

CB

81.72%

85.93%

72.99%

UPOS XPOS UAS LAS CLAS

zh 85.26 85.07 68.95 65.88

Parsing result on Chinese UD treebanks in Dozat,
2017

62.03



Training and parsing on the character level - segmentation

Morph (Gold) Deprel (Gold)
Morph 2099 2
Deprel 0 3128
Wrong Head 4 1092
TOTAL 2103 4222
subj \
comp:obj
v »‘s"'/ N ‘ ' ‘
T A B ¥ o 3T B
NOUN NOUN ADV ADV VERB PROPN NOUN PUNCT

Xing2 ren2 hen3d nan2 guo4 ma3 lu4
walking people very difficult to cross horse road

TOTAL

2101

3128

1096

6325

—

Word segmentation
accuracy after
recombination: 99.8%

comp:obj

TA B O® ¥ DB .

NOUN ADV ADV VERB NOUN PUNCT
Xxing2ren2 hen3 nan2 guo4 ma3lu4

passenger very difficult to cross street



Conclusion

e Possibility to skip the word segmentation preprocessing

e Improvements on parsing using word-internal structures
o Head position
o Dependency relation

e High accuracy of detecting internal and external dependency relations
e Future work: regularization of different treebanks with new Chinese SUD
annotation guidelines
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