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® Flat
® overlapped (nested)
® discontinuous NER

Current best-performing methods

® Span-based

merely focus on boundary identification
® Sequence-to-Sequence

suffer from exposure bias.

In this work, we present a novel alternative by modeling the
unified NER as word-word relation classification, namely W2NER.

(a) T am having aching in legs and shoulders
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(b) I am having aching in legs and shoulders
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Figure 1: (a) An example to show three types of NER.
e; is a flat entity overlapped with a discontinuous en-
tity ep at the span “aching in”. (b) We formalize three
NER subtasks as word-word relation classification, where
the Next-Neighboring-Word (NNW) relation indi-
cates that a word pair are successively joint as a segment of
an entity (e.g., aching—in), and the Tail-Head-Word—-»
(THW-+) relation implies the edges where the tail words
connect to the head words (e.g., legs—aching) as an entity
with “«” type (e.g.. Symptom).
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Figure 2: An example to show our relation classification
method for NER. We leverage a word-pair grid to vi-
sualize the relations between each word pair. NNW de-
notes the Next -Neighboring-Word relation and THW-
S denotes the Tail-Head-Word relation that exists in
a “Symptom” entity. To avoid the sparsity of relation in-
stances, NNW and THW relations are tagged in the upper
and lower triangular regions.
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Figure 3: Overall NER architecture. CLN and MLP represent conditional layer normalization and multi-layer perceptron. €
and @) represent element-wise addition and concatenation operations.
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Encoder Layer Given an input sentence X = {r;,z9,...,2zn}
H = {h_l, hs. hN} c R%‘rxd"

where dj, denotes the dimension of a word representation.

Input  Encoder Layer Convo
[ ) ( ) ( BERT-Style Grid Representatior
I ©QO—
am GO— : Conditional Layer Normalization
having @O— ; Distance Embedding _ hj —
aching @— & (| e X V;; = CLN(h;,h;) = 7v;; © ( - )+A5, @
n@O— 2 i z | _,(g} _ L .
Word Embedding where h; is the condition to generate the gain parameter
e — EEREEEE vi; = Wah; + b, and bias A\;; = Wgh; + bg of layer
and @QO— normalization. ;2 and o are the mean and standard deviation
shoulders (0)— s Emm;ilmg across the elements of h;, denoted as:
\ L 1 dh 1 dh
e ) | N
= ;hﬂc, A\ E(hj . @

where h ;. denotes the k-th dimension of h;.
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BERT-Style Grid Representation Build-Up

Convolution Layer Co- C= MLPI([VE Ed% Et]) . 3)

( BERT-Stvle Grid Representation Mulu-Granularity Dilated Convolution
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Multi-Granularity Dilated Convolution

Q! = a(DConv,;(C)), 4)

Region Embedding Dilation Rate =3

where Q! € R¥N*Nxde denotes the output of the dilation
convolution with the dilation rate [, o is the GELU acti-
vation function (Hendrycks and Gimpel 2016). After that,
we can obtain the final word-pair grid representation Q =

[(;!1j QE-} Qd] - RNxNxfidc.
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Biaffine Predictor

lution L Co-Predictor La =l MLPE(hi) ? (5)
lution Layer o-Predictor Layer | "  clation
7 Multi-Granularity Dilated Convolution) [ ) i rgl:\]sigciiﬁ Dj‘ — MLP3(hj) | (6)
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! 000000000
@ AEEEY I SR R v .
il | O A =1 000000000, where U, W and b are trainable parameters, s; and o; de-
Dilation Rate =2
L l  Decoding—— pote the subject and object representations of the i-th and
—-0 O O hi inll . ! ¥
ji1d | Lanngnshouiges | j-th word, respectively. Here y;. € RIR! is the scores of the
’ relations pre-defined in R.
MLP Predictor
I
Yi; = MLP(Q;;) , (8)

yij = Softmax(y;; + yi;) - )
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Figure 4: Four decoding cases for the word sequence
“ABCDE”. (a) “AB” and “DE” are flat entities. (b) The flat
entity “BC” is nested in “ABC”. (c¢) The entity “ABC” is
overlapped with a discontinuous entity “ABD”. (d) Two dis-
continuous entities “ACD” and “BCE” are overlapped. The
blue and red arrows indicate NNW and THW relations.
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CoNLL2003 OntoNotes 5.0
P R Fl P R Fl
; Lample et al. (2016) - - 90.94 - " -
o Sequence Labeling o ;) ot a1 (2017) : - 9065 - - 8684
Yuetal. (2020) T 9291 92.13 9252 90001 89.77 8989
¢ Span-based Shen et al. (2021) 9213 9373 9294 - . A
e Hypergraph-based Wang and Lu (2018) - - 90.50 - - -
Strakovi et al. (2019) - - 92 .98 - - -
* Seq2Seq Yan et al. (2021) 1 9256 93.56 9305 89.62 9092 9027
W=NER (ours) 9271 9344 93.07 90.03 90.97 90.50

Table 1: Results for English flat NER datasets. " denotes our re-implementation via their code. We run our model for 5 times
and report averaged values.?
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OntoNotes 4.0 MSRA Resume Weibo
P R Fl1 B R F1 P R Fl1 54 R F1
Zhang and Yang (2018) 76.35 7156 7388 9357 9279 93.18 9481 9411 9446 53.04 62.25 5879
Yan et al. (2019) - - 72.43 - - 92.74 - - 95.00 - - 58.17
Gui et al. (2019) 7640 7260 7445 9450 9293 9371 9537 9484 9511 57.14 66.67 5992
Li et al. (2020b) - - 81.82 - - 96.09 - - 95.86 - - 68.55
Ma et al. (2020) 8341 8221 B8B281 9575 9510 9542 96.08 96.13 96.11 7094 67.02 7050
W-NER (ours) 82.31 8336 8308 96.12 96.08 9610 9696 96.35 96.65 70.84 73.87 7232

Table 2: Results for Chinese flat NER datasets. All the baselines are sequence labeling methods or their varations.
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ACE2004 ACE2005 GENIA
P R Fl P R Fl P R Fl
e Sequence Labeling  Ju ctal. (2018) - - - 7420 7030 7220 7850 7130 74.70
Wang et al. (2020) 8608 86.48 8628 8395 85.39 8466 7945 7894 79.19
e Span-based Yu et al. (2020) 8730 86.00 8670 8520 85.60 8540 81.80 7930 80.50
Shen et al. (2021) 8744 8738 8741 86.09 8727 8667 80.19 80.89 8054
e Hypergraph-based  Wang and Lu (2018) 7800 7240 75.10 76.80 72.30 7450 77.00 7330 75.10
 Seq2Seq Strakova et al. (2019) = - 8433 - - 834 - - 7820
Yan et al. (2021) 8727 86.41 8684 83.16 8638 8474 7887 7960 7923
WZNER (ours) 8733 87.71 8752 85.03 88.62 8679 83.10 7976 81.39

Table 3: Results for English overlapped NER datasets.
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CADEC ShARel3 ShARel4

P R Fl P R F1 H R F1

e Sequence Labeling  Tangetal. (2018) 6780 6499 66.36 - - - - - -

¢ Span-based Lietal. (2021a) - - 69.90 - - 82.50 - - -
e Hypergraph-based Wang and Lu (2019) 72.10 4840 5800 8380 6040 7030 79.10 7070 7470
o Seq2Seq Yan et al. (2021) 7008 71.21 7064 8209 7742 7969 77.20 8375 8034

Fei et al. (2021) 7550 71.80 7240 8790 77.20 8030 - - -
o Othiis Dai et al. (2020) 6890 69.00 6900 8050 7500 7770 78.10 8120 79.60
Wang et al. (2021) 7050 7250 7150 8430 78.20 8120 78.20 84.70 8130
W*NER (ours) 7409 7235 7321 8557 T79.68 8252 79.88 8371 8175

Table 4: Results for discontinuous NER datasets.*
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0@ Dai et al. (2020) BB Yan et al. (2021)
00 wangetal (2021) [0 Ours
T0F =
ACE2004  ACE2005 651 iR [ ]
Yu et al. (2020) * 87.35 88390 = 60
Shen etal. (2021) «  87.47 88.21 3 60 I i
WZNER (ours) 88.00 88.81 55 [ I s B .

Table 5: Fls for Chinese overlapped NER datasets. Models (a) Overlapped NER (b) Discontinuous NER

with “+™ are adapted to target datasets using their code.
Figure 5: Results of overlapped (a) and discontinuous men-

tions (b) on ShARel4.
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CoNLL2003 ACE2005 CADEC

Ours 93.07 86.79 73.21

- Region Emb. 92_80 (0.27) 86.39 (-040) T72.56 (-065)
- Distance Emb. 92.89 (0.18)  86.47 (-032) 72.66 (-055)

" -AllDConv 9231 (0.76)  86.07(-072) 7245(-076)

-DConv(l=1) 93.05 (-0.02) 86.64 (-0.15)  73.12 (-0.09)
- DConv([=2) 92.78 (-0.29) 86.58 (-021) 7295 (-026)
- DConv(l=3) 92.82 (025) 86.59(-020) 73.10(-0.11)

- Biaffine 93.02 (0.05) 86.30 049y 7271 (-050)
_-MLP. 9_1.§? (-1.20) _8_5.156_{-1.13;_ _68_.{)_4{.5.1?; )
-NNW 92.65 (0.42) 86.23 (-056) 69.01 (-420)

Table 6: Model ablation studies (Fls). DConv(l=1) denots
the convolution with the dilation rate 1.
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